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Abstract 
A Mixed Methods Case Study of Elementary Teacher Attitudes, Practices and 
Professional Development Relative to Pennsylvania Core Mathematics Standards 
Michele B. Westphal, Ed.D. 
Mary Jo Grdina, Ph.D., Supervisor 
 
 
 
 
The recent implementation of the Pennsylvania Core Standards for Mathematics 
has altered instruction in Pennsylvania public schools.  This research study examined 
elementary teachers’ attitudes and practices related to mathematics instruction based on 
the PA Core Standards for Mathematics.  The study also examined the professional 
development the teachers have received related to the new mathematics content and 
practice standards.  This case study was conducted at a suburban school district in south 
central Pennsylvania with elementary math teachers from kindergarten through grade 
five.  The mixed methods design used a quantitative analysis survey to assess elementary 
teacher attitudes.  The qualitative data was collected via interviews to provide more in 
depth perspectives of the participants, and an analysis of lesson plans to provide 
supporting documentation of instructional practices.  The quantitative portion of the study 
presents the facts related to elementary teacher attitudes and practices about mathematics 
instruction, and the qualitative portion presents the justifications for the quantitative data.  
The study found that the sample of elementary teachers had positive attitudes about 
teaching math and the PA Core Standards for Mathematics.  The findings showed that the 
elementary teachers had high levels of confidence related to implementing instructional 
strategies that support mathematics pedagogy aligned to the PA Core Standards for 
Mathematics.  The findings also showed that the teachers had minimal opportunities to 
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participate in professional development related to mathematics.  The primary forms of 
professional development were provided by the school district, and the sessions focused 
on the development of curriculum or the implementation of new resources.  The 
recommendations from this study include vertical realignment of the curriculum, and 
sustained professional development that is focused on mathematics content and 
pedagogy.
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Chapter 1:  Introduction to the Research 
Introduction to the Problem 
 Between 2007 and 2011, fourth grade math achievement in the United States 
improved by 12 points and eighth grade math achievement showed no statistical 
improvement, according to the Trends in International Math and Science Study (TIMSS) 
(Provasnik et al., 2012). The TIMSS data shows that minimal improvements in students’ 
mathematics achievement in fourth and eighth grades allowed the United States to 
maintain its position relative to the scores of educational systems from around the world 
(Provasnik et al., 2012).  United States math students finished 27th out of 34 countries on 
the Programme for International Student Assessment (PISA) conducted by the 
Organization for Economic Cooperation and Development (National Math + Science 
Inititative, 2015).  The mathematics data from the PISA indicates below average 
mathematics performance by United States students with approximately 25% of the 
students unable to reach PISA baseline proficiency (OECD, 2012).  The 2012 PISA 
report for the United States suggests a strong alignment with the Common Core State 
Standards (CCSS) as a possible strategy for improving the mathematics deficiencies in 
the country (OECD, 2012).  The students in the United States must be prepared to 
compete in college and for jobs not only within the United States, but also in the global 
society of the 21st century.  
The Common Core State Standards originated when state leaders began 
discussing strategies for increasing the college and career readiness of the students in the 
United States.  All states had previously adopted their own academic standards and levels 
of proficiency, but there was no consistency across states (Common Core State Standards 
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Initiative, 2016).  In 2010, the Common Core State Standards were fully developed and 
finalized in the areas of English Language Arts and Mathematics.  Individual states were 
now faced with the task of determining the degree to which they would adopt the 
standards.  By the end of 2013, forty-five states had adopted the Common Core State 
Standards in English Language Arts and Mathematics (Common Core State Standards 
Initiative, 2016).  Two years later, in 2015, only forty-two states were still using the 
entire set of Common Core State Standards with implementation occurring at the local 
level.  The CCSS provide a framework indicating what students should know at each 
grade level in the two core content areas.  The CCSS were designed based on identified 
needs from the National Assessment of Education Progress (NAEP) and the TIMSS 
assessments.  Additionally, the new framework focused on decreasing the number of 
standards for each subject area and increasing the rigor of the remaining content 
standards (Bay-Williams, Duffet, & Griffith, 2016).  The CCSS are a starting point to 
provide benchmarks across states, and the local school systems and teachers must 
determine how to best provide the instruction that will meet the new standards (Common 
Core State Standards Initiative, 2016).    
Key Shifts in the Common Core State Standards  
The CCSS were designed to support the demands of college and career readiness 
for all students.  The new standards shifted some key areas of emphasis in both core 
content areas.  In English Language Arts, the standards require students to understand 
complex texts, to defend their thinking using texts, and to increase their reading of non-
fiction texts.  The standards emphasize academic vocabulary, and define specific 
standards related to vocabulary that may be embedded across all of the standard areas.  
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The standards do not require the use of specific literary pieces, however, samples of text 
complexity have been included to support the decision making process at the local level.  
The English Language Arts standards were primarily designed for English classes, and 
additional literacy standards were written specifically to support the unique skills that are 
required in the areas of science, the social sciences, and technical subject areas (Common 
Core State Standards Initiative, 2016).  Implementation of the CCSS will require a 
concrete understanding of the shifts for the proper adjustments to be made at the local 
level.      
The new mathematics standards shifted the focus from procedural knowledge to 
conceptual knowledge with increased rigor (Bay-Williams, Duffet, & Griffith, 2016).   
The math standards also attempted to limit the number of topics so that student learning 
could reach more depth rather than breadth.  The depth of understanding was also 
supported by the connections that were made between standards in various grade levels.  
The goal was for students to be able to make connections to prior learning instead of 
understanding mathematics as discrete topics.  The CCSS also increased the rigor in the 
mathematics standards by asking students to understand more conceptual depth by 
demonstrating fluency and application of knowledge (Common Core State Standards 
Initiative, 2016).  The CCSS for Mathematical Practice were also adopted to provide 
descriptions of what students should be doing as they strive to understand the 
mathematical content standards.  A few of the practices require students to persevere, 
argue, and critique (Common Core State Standards Initiative, 2016).  Mathematics 
teachers are faced with providing mathematics instruction that is aligned to the new 
content standards and incorporates the practice standards. 
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Impact of the Common Core State Standards  
The recent adoption of the Common Core State Standards has elicited mixed 
emotions from every facet of society.  True research studies regarding the feelings and 
implementation strategies of teachers have recently begun to emerge.  The early studies 
are focusing on the shifts to the Common Core, how teachers feel about the shifts, and the 
levels of support that they have experienced during the transition.  The studies are finding 
that teachers feel confident about their content knowledge of the standards (Bay-
Williams, Duffet, & Griffith, 2016; Perry et al., 2015; Swars & Chestnutt, 2016).  At the 
same time, the teachers feel that they are lacking resources and training to support 
teaching the content contained in the new standards.  The teachers have expressed mixed 
emotions and comfort levels about the instructional strategies being recommended with 
the new standards, and the lack of training that they have received related to those 
strategies (Bay-Williams, Duffet, & Griffith, 2016; Mongeau, 2014).  For this reason, the 
initial transition to the Common Core State Standards has presented some challenges for 
teachers. 
Pennsylvania and Common Core State Standards  
Pennsylvania adopted the Common Core State Standards in 2010.  The CCSS 
were not adopted in their original form.  Minor modifications were made to meet the 
needs of the state, and official adoption of the Pennsylvania Core (PA Core) Standards 
occurred in March of 2014 (Pennsylvania School Boards Association, 2015).  The minor 
modifications allowed the state to maintain their local control, and retain specific 
standards in English Language Arts and Mathematics that the state felt were important 
(Pennsylvania Department of Education, 2013).  In 2014, Pennsylvania also regulated 
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that the Pennsylvania State System of Assessment (PSSA) would be aligned to the PA 
Core Standards beginning in the spring of 2015.  The adoption of the new mathematics 
standards in Pennsylvania was being accompanied by new assessments at all of the tested 
grade levels (grades 3-8) in both English Language Arts and Mathematics.  The transition 
to the PA Core Standards required school districts to realign their curricula to match the 
new standards, and adjust instructional practices to help students attain proficiency of the 
new standards.  School districts in Pennsylvania did not have time to phase in the 
implementation of the standards, or provide much support to educators.  The new 
standards and new assessments were implemented within one year of each other thus 
requiring teachers to modify their instructional practices while school districts were 
adjusting the curricula. 
Adoption of Pennsylvania Core Standards in Case Study District 
 The adoption of the PA Core Standards prompted school districts across the state 
to realign curricula in literacy and mathematics to meet the standards.  The realignment in 
the case study district began with the initial adoption of the CCSS in 2010, but final 
adjustments were not in place until the start of the 2014-15 school year.  In 2012, the 
curriculum pacing guides were revised to align to the Common Core standards, but they 
had not yet been adopted by the state so instruction had to continue based on the previous 
academic standards.  At the beginning of the 2014-15 school year, the elementary 
teachers were all working with new curriculum and pacing guides in English Language 
Arts and Mathematics.  The transition was not smooth since the state did not provide time 
to phase in the new standards.  The teachers were focused on making the adjustments to 
the content and instruction using materials and resources that they had previously been 
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using in their classrooms.  The transition to new standards in the state of Pennsylvania 
required teachers to also try to fill gaps that existed in student understanding since the 
students had not learned the new standards in the previous grades.  During the 2014-15 
school year, a team of district administrators and teachers assessed textbook series that 
were aligned to the Common Core in English language arts, and a recommendation to 
purchase a new series was presented to the school board.  The school board approved the 
purchase, and the teachers received training related to implementing the new English 
language arts resources during the summer of 2015.   
 The 2015-16 school year brought a new reading series to the elementary teachers 
and students in the case study district.  The teachers were focused on using the new 
resources to the best of their ability to support student growth and development in 
alignment with the English language arts standards.  This school year also brought the 
implementation of a new elementary report card.  The elementary schools transitioned 
from a traditional elementary school report card to a standards-based report card.  The 
standards-based report card lists each grade level standard from the PA Core Standards, 
and students are assessed using 4 possible categories:  proficiency, steady progress 
towards proficiency, limited progress towards proficiency, or not assessed at this time.  
The report card also includes a behavioral assessment that separates those competencies 
from academic progress.  The PA Core standards provided the catalyst for change in the 
case study district with the ultimate goal of helping students to achieve proficiency of the 
standards. 
 The case study district put its early emphasis on changes in English language arts, 
and began to consider new mathematics resources during the 2015-16 school year.  The 
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district engaged classroom teachers at all elementary grade levels to explore and test 
various mathematics textbook series for consideration.  Some of the textbook series were 
very traditional in nature, and others presented the mathematics in new ways to attempt to 
help students get to the deeper conceptual understanding being sought after by the CCSS.  
The school board approved a new elementary mathematics textbook series for adoption in 
the 2016-17 school year.  Similar to the English language arts adoption, the teachers were 
provided professional learning opportunities during the summer of 2016, and they began 
using the materials following the training.  The teachers are focused on providing 
instruction in English and math based on the realigned curriculum and the new resources.   
Implementation of New Standards in Elementary Mathematics 
Teaching certification programs in the 21st century have not changed significantly 
from the mid-1900s.  Elementary teaching programs vary from institution to institution, 
and typically the students are required to take between 6 and 12 credits of mathematics.  
The elementary certification programs also require teachers to take at least a single 
mathematics methods course focused on pedagogy (Graham & Fennell, 2001).  The 
challenge comes in the integration of content and pedagogy when pre-service teachers are 
not provided with overlapping experiences.  The pre-service teachers participate in 
separate math courses, and math methods courses where the focus is on instructional 
strategies without getting to the root of the mathematics (Ball, 2000).  Teachers who 
graduated from certification programs after the adoption of the Common Core State 
Standards may have received a revised curriculum or additional mathematics courses.  It 
is likely that few connections to pedagogical content knowledge, knowledge that blends 
mathematical content with the strategies for teaching it, were incorporated into the 
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elementary certification programs (Walker, 2007). Teachers will fall back on the 
techniques that were used when they learned math, and an appropriate blend of 
procedural and conceptual understanding may get lost.  Before elementary math teachers 
can create supportive learning environments for mathematical thinking and learning, they 
must fully understand the mathematical concepts, standards, and teaching techniques that 
support conceptual understanding (Ball, Thames, & Phelps, 2008; Hill & Ball, 2009; 
Walker, 2007).  Adjustments at the pre-service and in-service levels may be needed to 
provide a more complete understanding of the mathematical standards, concepts and 
practices for elementary teachers. 
In Pennsylvania, all teachers must complete continuing education on a five-year 
cycle as a result of Act 48 that was adopted in 1999.  The continuing education can be 
completed in many different ways, but the state government regulates the awarding of the 
credit through approved providers (Pennsylvania Department of Education, 2015).  The 
requirements for teacher continuing education were designed to allow teachers to 
participate in professional development that would meet their individual lifelong learning 
needs.  Contrary to a personalized approach to professional development, many school 
districts use a one-size-fits-all mentality when they design professional development 
opportunities.  The district administrators tend to select options that are easy and cost-
effective.  All of the teachers therefore participate in the same professional development 
sessions regardless of their applicability to the individual participants (Dahlberg & 
Philippot, 2008; Taton, 2015).  This system does not support individual learning needs or 
professional learning needs related to specific content areas.  The use of this type of 
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professional development system may be a cause of some of the previously mentioned 
challenges associated with the implementation of new standards. 
A mixed methods case study of the teachers in a small, suburban school district in 
south central Pennsylvania was conducted to provide a snapshot of what may be 
happening across the state.  The study analyzes current elementary mathematics teacher 
attitudes and practices related to mathematics instruction based on the PA Core 
Standards.  The study attempts to discern the professional development opportunities that 
have been undertaken by each teacher in the sample to compare the attitudes, practices 
and amount of professional development received by the teachers. This case study adds to 
the body of work related to the impact of the Common Core and Pennsylvania Core State 
Standards in schools across the country.  More specifically, this study provides insights 
into future professional development needs in the case study district.  The district has 
provided a minimal amount of professional development time devoted to mathematics, or 
other specific subject areas, at the elementary level.  The content specific professional 
development has been focused on the adoption and implementation of new resources.  
This study provides specific mathematics content and pedagogy that could form the 
foundation for future professional development offerings within the district, and in other 
institutions around the county.  The case study district is focused on meeting the needs of 
all students, and the results of this study support the growth and development of the 
teachers who provide the daily learning opportunities for the students. 
Statement of the Problem to Be Researched 
The problem this study addresses is the need to understand the current learning 
environment in elementary math classrooms as a result of the adoption of the Common 
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Core and Pennsylvania Core Standards.  The adoption of the standards required schools 
across the country to revise their curriculum and instruction practices to meet the new 
standards.  Pennsylvania adopted the new standards in 2014, and the newly aligned 
assessments followed in 2015.  As a result, there was no time allotted for school districts 
to design a transition plan.  The teachers and students started with new standards and 
curriculum in each grade level at the same time.   
The recent changes require all elementary math teachers to provide appropriate, 
rigorous mathematics instruction based on the new content and practice standards.  The 
children in grades three through eight in Pennsylvania are assessed annually to determine 
their level of proficiency on these standards.  The 2015 administration of the mathematics 
PSSA showed that less than 50% of students in Pennsylvania scored advanced or 
proficient at each grade level, grades three through eight (Pennsylvania School Board 
Association, 2015).  In 2016, mathematics achievement improved across the state of 
Pennsylvania in all grade levels (Pennsylvania Department of Education, 2016).  In grade 
three, 54.4% of students in Pennsylvania were proficient or advanced, and in grade five, 
44.4% of students in Pennsylvania were proficient or advanced in mathematics 
(Pennsylvania Department of Education, 2016).  In the south-central Pennsylvania 
County of the case study district, 48.6% of students in grades three through eight were 
proficient or advanced on the mathematics assessment in 2016.  This percentage is down 
from 54.4% proficient or advanced achievement in 2015 (Newhouse & Buckwalter, 
2016).  The state of Pennsylvania has shown an increase in mathematics achievement, but 
the local county has shown a decrease during the same time period.   
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The case study district has a goal of increasing proficiency rates in all 
standardized test subjects to better meet the needs of the students.  The district 
experienced a small increase in average proficiency in grades three through five in 
mathematics with approximately 62.5% proficient or advanced in 2015, and 67.3% 
proficient or advanced in 2016.  The challenges are to find ways to continue to fill the 
knowledge gaps created by the new standards, and to increase proficiency to meet the 
needs of all students.  An analysis of elementary math teachers’ attitudes and current 
instructional practices must be conducted before more changes to instruction or pedagogy 
can be recommended. 
Purpose and Significance of the Problem 
 Teaching in elementary schools has been altered by the adoption of the Common 
Core State Standards, the PA Core State Standards, new standardized assessments in 
Pennsylvania, and realigned curriculum.  A closer look at the attitudes, practices and 
professional development of elementary teachers will provide insights into the changes 
that may have occurred in elementary mathematics instruction after the PA Core 
Standards were adopted.  This section will present the purpose for this research study, 
and the significance of this problem.    
Purpose  
The purpose of this research is to make recommendations for future professional 
learning opportunities for elementary math teachers based on the current status of their 
attitudes and instructional practices related to the Pennsylvania Core Standards.  The 
research will consider the attitudes, instructional practices, and previous professional 
development related to mathematics instruction, the content standards and the 
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mathematical practices.  The adoption of the Pennsylvania Core Standards in 
Mathematics has shifted core mathematical content standards to earlier grade levels, and 
increased the emphasis on conceptual understanding.  This has resulted in teachers 
needing to adjust the content and teaching strategies that they implement during 
mathematics instruction.  
Significance of the Problem  
The Common Core State Standards were adopted in Pennsylvania in 2010, and 
the revised Pennsylvania Core Standards were officially written into law in 2014 
(LaVenia, Cohen-Vogel & Lang, 2015; Pennsylvania Department of Education, 2015).  
The chart in Table 1 provides a snapshot of some of the key changes to the mathematics 
content standards for grades one, three and five.  Elementary math teachers are facing 
increased pressure to implement changes in relationship to the Common Core State 
Standards and the new PA Core Standards in Mathematics.  New standardized 
assessments have been given to students for the past two years in Pennsylvania, and the 
results are showing small gains in math achievement with large percentages of students 
who have yet to achieve proficiency with grade-level standards (Palochko, 2015; 
Pennsylvania School Boards Association, 2015).   
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Table 1.   
Pennsylvania Changes to Math Standards   
Grade	  Level	   Old	  PA	  Academic	  Standards	   New	  PA	  Core	  Standards	  
First Grade Estimation and finding missing 
numbers in addition sentences 
 
Compare weight and capacity 
 
Solve addition and subtraction 
word problems 
Apply properties of operations to 
addition and subtraction 
Determine truth value of addition 
and subtraction equations 
 
Measure and compare lengths 
 
Third Grade Addition and subtraction without 
regrouping 
 
Estimation 
 
Measuring 
 
Understand and use properties of 
multiplication and division 
 
Adding and subtracting multi-
digit numbers 
 
Use properties and strategies to 
solve problems 
 
Estimation as a strategy 
 
Measuring to ½ and ¼ inches 
 
Fifth Grade Integers, fractions and percentages 
 
Patterns 
 
Rounding and estimation 
 
Measuring specific items 
 
Estimating area and volume 
 
Multiplying multi-digit numbers 
with decimals 
Depth of understanding of all 
operations with decimals and 
fractions 
 
Patterns related to multiplying or 
dividing by powers of 10 
 
Converting between customary 
and metric 
 
Note. This table shows some of the mathematics content that was emphasized in 
the old academic standards compared to the new core standards (Pennsylvania 
Standards Aligned System, 2016). 
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The table shows a few core examples of changes that have occurred during the 
transition to the new standards.  Estimation was a key concept in the old standards, and it 
is now being included as a strategy after the students have achieved conceptual 
understanding of the operations.  In the new PA Core Standards, students begin to 
measure in first grade, and the old academic standards did not call for this concrete 
concept until the fifth grade.  Multiplication is introduced in third grade through the 
concept of repeated addition, and the previous academic standards only had the students 
continuing to develop their addition and subtraction skills without regrouping.  The 
recent adoption of the PA Core Standards shifted many core concepts and competencies 
to different grade levels while also asking teachers to support a new depth of 
understanding than previously required of elementary school students.  Teachers have 
been given standards and curricula that require changes to previously used instructional 
practices.  The literature will present background information that has shaped current 
elementary teacher practices in general, and specifically related to mathematics 
instruction.  Research related to pre-service certification programs, content and 
pedagogical content knowledge of elementary teachers, and professional development 
offerings for elementary teachers will provide the background knowledge to support 
current teacher attitudes and practices related to the transition to the new standards.   
The goal of this study is to synthesize all of the data to determine 
recommendations for future professional development opportunities for elementary math 
teachers that will support increased student achievement in mathematics.  The 
recommendations will provide the administrative team at the case study school district 
with topics and formats for additional professional learning opportunities for teachers.  
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Each recommendation will be based on effective adult learning and professional 
development practices with specific implementation strategies for the district 
administrators to consider.  The recommendations will be presented to the elementary 
leadership team, including the superintendent and assistant superintendent, at the 
conclusion of this study.  This research will also add to the growing body of research 
related to the changes in elementary teacher attitudes and practices that have resulted 
from the implementation of the Common Core State Standards.   
Research Questions 
The research questions for this study are: 
• What are current elementary teachers’ attitudes about the Pennsylvania 
Core Standards in Mathematics in a small suburban school district in south 
central Pennsylvania?  
• What are current elementary teachers’ mathematics instructional practices 
in a small suburban school district in south central Pennsylvania? 
• What are current elementary teachers’ professional development 
opportunities and selections related to mathematics in a small suburban 
school district in south central Pennsylvania? 
The sub-questions of this study are: 
• How do teachers self-assess their preparation and understanding across the 
content standard areas of:  numbers and operations, algebraic concepts, 
geometry, and measurement, data and probability? 
• How do teachers self-assess their preparation and understanding of the 
pedagogical standard areas of the mathematical practices? 
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Conceptual Framework 
 The conceptual framework for this study was designed to consider the current 
literature that provides a foundation for this study.  Teachers’ attitudes can be shaped by 
many factors, and their attitudes can also influence their classroom practices and 
professional development participation.  The literature streams provide some foundation 
for potential sources of influence on teachers’ attitudes.  The researcher’s stance and 
experience provides the background information of the researcher that forms the context 
for this study.  The conceptual framework presents the relationship between the literature 
streams and the impact on teachers’ attitudes and practices.        
Researcher’s Stances and Experiential Base 
 The researcher’s stance is one of pragmatism supported by a blend of structure 
and interpretation (Creswell, 2015).  The researcher maintains a personal mission to 
improve mathematics education for students, and therefore this study focuses on the 
strengths and weaknesses in elementary mathematics with a goal of enhancement.  The 
study considers the attitudes teachers have about mathematics instruction along with the 
content and practices that will be most influenced.  The researcher’s experience in 
mathematics education is embedded into the research study in a way so as to minimize 
bias and support the collection of data.   
 The researcher has a background as a mathematics educator, mathematics 
curriculum coordinator, and provider of professional development and instructional 
coaching for teachers. The researcher has regularly witnessed that one of the biggest 
challenges facing mathematics educators is to find ways for all students to gain a deep 
understanding of the concepts.  Her previous role as an elementary mathematics 
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instructional coach has allowed her to gain firsthand knowledge of the challenges 
elementary students and teachers are facing in conjunction with the increased rigor of the 
Pennsylvania Core Standards.  The researcher has also had opportunities to review local 
standardized assessment data in mathematics while discussing the challenges related to 
the new standards and assessments with school administrators.  The researcher’s 
experience has shown that teachers are very protective of the work they do with their 
students, and they are sometimes reluctant to admit discomfort with content or 
applications that are to be taught. The researcher considered all previous experiences, as 
well as the literature, in the development of this study to answer the central research 
question.    
Conceptual Framework 
 The research is framed in an epistemological philosophy focusing on the 
knowledge and foundation of elementary teachers prior to the transition to the new 
standards.  Three streams of research form the foundation for this study based on the fact 
that teachers’ prior knowledge and prior learning experiences influence their attitudes and 
practices.  The three streams include: the pre-service preparation of elementary teachers, 
the role of content knowledge and pedagogical content knowledge for elementary 
teachers, and traditional professional development opportunities for elementary teachers.  
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 Figure 1.  Conceptual Framework of the Study   
Note.  This figure shows the connections between the research streams. 
 
 Pre-service preparation.  Elementary teaching certification programs vary 
significantly when comparing different institutions of higher education.  Each state has 
different criteria related to the awarding of teaching certificates, and the colleges must 
prepare students to meet those criteria.  All elementary teaching candidates complete 
some coursework in mathematics or mathematics pedagogy, but there is no consistent 
mandate across institutions awarding teaching certificates.  On average, elementary 
teaching majors take two to four mathematics classes, and a single mathematics methods 
class during their undergraduate studies (Graham & Fennell, 2001).  An examination of 
the literature of the pre-service preparation of elementary teachers provides a foundation 
to better understand the root of teacher attitudes related to mathematics instruction.    
Teacher	  Attitudes	  and	  Practices	  
Pre-­‐service	  preparation	  of	  elementary	  teachers	  
Content	  and	  pedagogical	  knowledge	  of	  elementary	  teachers	   Professional	  development	  for	  elementary	  teachers	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 Content and pedagogical content knowledge.  Elementary teachers utilize a 
variety of pedagogical techniques as they support the diverse learning needs of their 
students, and as they teach the different content areas in an elementary schedule.  The 
transition to the Common Core State Standards has asked teachers to reconsider the 
pedagogical techniques that they have used in the past, and increase their pedagogical 
content knowledge.  Teachers must possess a strong knowledge of mathematical content 
and pedagogy to feel comfortable teaching the new math standards (Thames & Ball, 
2010).  The content knowledge provides the teachers with what they will teach, and the 
pedagogical content knowledge provides them with the instructional practices for the 
specific content area.  Teachers who have a strong understanding of either the content or 
the pedagogy, and not both, will never truly be able to reach all students as they strive to 
improve student achievement in mathematics (Ball, Thames, & Phelps, 2008; Hill & Ball, 
2009; Patel et al., 2012; Telese, 2012).  Teacher content and pedagogical content 
knowledge related to mathematics can be improved, and increased knowledge may lead 
to improved attitudes about teaching mathematics, and the implementation of new 
instructional practices.  An examination of the literature on content and pedagogical 
content knowledge provides a link between the pre-service certification programs, and 
classroom attitudes and instructional practices.  
 Professional development.  Professional development is a required part of every 
teacher’s job.  Many educators consider themselves lifelong learners as they continually 
strive to improve their instructional practices.  Schools offer professional development 
opportunities for teachers each year, and generally the opportunities are focused on broad 
categories of need that have been identified by a school administrator (Dahlberg & 
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Philippot, 2008; Taton, 2015).  Professional development that will provide a lasting 
impact on the teachers’ instructional practices must be designed to meet the individual 
needs of the teachers, and sustained for multiple sessions and hours (Koellner, Jacobs, & 
Borko, 2011; Perritt, 2010; Walker, 2007).  The literature in this section presents the 
research that has been conducted related to the current status of professional development 
for elementary teachers in general and related to mathematics content and pedagogy. 
Definition of Terms 
Attitude:  A response to an object or situation based on previous experiences (Wilkins, 
2010). 
Common Core State Standards:  Sets of standards established to define expectations of 
knowledge and skills for all students in kindergarten through grade twelve (Porter, 
McMaken, Hwang, & Yang, 2011). 
Content Knowledge: The core information and concepts that are to be taught and learned 
in a specific subject area. 
Instructional Practice: The actions a teacher takes based on content and understanding to 
support student learning (Ball, 2000). 
Pedagogical Content Knowledge: A blend of the knowledge of curriculum, content, 
students and teaching strategies (Thames & Ball, 2010). 
Pennsylvania System of School Assessment (PSSA):  The standardized testing that is 
given to all students in grades three through eight in the Pennsylvania (Pennsylvania 
Department of Education, 2015). 
Professional Development: Structured learning opportunities for teachers to grow and 
improve upon current classroom practices. 
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Assumptions, Limitations and Delimitations 
Assumptions 
 The primary assumption of this study is that elementary school teachers are 
committed to enhancing their instructional practices in mathematics as a result of the 
challenges associated with the adoption of new standards and standardized assessments.  
This study assumes that teachers will accurately self-report their current attitudes, 
practices and professional learning related to their mathematics instruction.  A secondary 
assumption of this study is that a change occurred in the attitudes and practices of 
teachers as a result of the adoption of the PA Core Standards.  The impact of the adoption 
cannot be studied unless a change occurred.  The standards and curriculum changed, and 
it is assumed that this also changed the attitudes and practices.   
Limitations 
 This study is limited by willing participation of the sample of elementary 
mathematics teachers from the suburban school district in south-central Pennsylvania.  As 
a result, there is a potential for unwilling or uninterested teachers to choose to not 
participate in the study.  While the study is limited by the responses of the participants, 
the results of the study will be less biased if teachers of all interest levels are considered 
equally.    
Delimitations 
   The main delimitation is the fact that this study will be conducted in a small 
district in south central Pennsylvania. The sample of teachers will be composed of 
elementary teachers from this district who are all teaching math using the same textbook 
series as their core resource.  The Pennsylvania Core Standards provide the foundation 
  
22 
for all mathematics curricula in the state of Pennsylvania, and the district developed their 
curriculum in alignment with these standards.  The results of this study should be 
applicable to elementary math teachers in other parts of the state of Pennsylvania. 
Summary 
  Student achievement in mathematics is declining in Pennsylvania and in the 
United States.  The Common Core and PA Core Standards in Mathematics have 
increased the rigor and expectations at each grade level.  Elementary mathematics 
teachers have received minimal training in mathematical content and pedagogy.  This 
study will address the relationship between teacher attitudes, instructional strategies, and 
professional development as a result of the adoption of the PA Core Standards in 
Mathematics.  The study will focus on determining which factors influence teacher 
attitudes and practices, and potential recommendations regarding ways to enhance the 
instructional strategies of elementary math teachers to better meet the demands of the PA 
Core Standards.  A comprehensive review of the literature will be presented in the next 
chapter in order to form a foundation for this study, present gaps in the current research, 
and provide the plan for this research study.   
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Chapter 2:  The Literature Review 
Introduction to Chapter 2 
 All students begin the formal study of mathematics in elementary school.  The 
tone for all future learning of mathematics is established at this time, and deficits in 
student learning will not be easily overcome (Greenburg, Welsh, & National Council on 
Teacher Quality, 2008).  The elementary mathematics teacher must have the capacity and 
ability to provide the appropriate foundation for all students (Greenburg et al., 2008).  
Schools are searching for strategies to support academic achievement in mathematics, 
and teachers inherently want to do their best for their students. 
 This study will consider the current attitudes and practices of elementary math 
teachers in a small, suburban school district in south central Pennsylvania related to the 
recent adoption and implementation of the Pennsylvania Core Standards for 
Mathematics.  Each teacher approaches mathematics instruction from a unique 
background and perspective.  Three elements that influence elementary teacher attitudes 
and practices related to mathematics instruction have emerged to form the literature 
streams for this study:  pre-service preparation received in mathematics, the development 
of content and pedagogical knowledge, and professional development opportunities in 
mathematics.  
Literature Review 
Elementary mathematics teachers provide the foundation for all future student 
achievement in mathematics.  In preparation for a study that will examine the attitudes, 
practices and professional development received by elementary teachers related to the PA 
Core Standards for Mathematics, this literature review explores the preparation that 
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future elementary teachers receive in college specifically as it relates to mathematics and 
mathematics teaching methods.  The second literature stream examines the mathematical 
content and pedagogical knowledge of elementary teachers as it relates to the teaching 
strategies used in the classroom.  The final literature stream will present the literature 
related to professional development for elementary teachers, and the opportunities for 
professional learning for teachers after they have transitioned into their roles as full-time 
classroom teachers. Collectively, the literature review will present the current status of 
elementary mathematics teaching, and the foundation on which this study can build upon. 
Preparation of Elementary Teachers 
  Teaching mathematics requires a firm understanding of the concepts, procedures, 
meanings behind algorithms, and connections between the concepts.  Most elementary 
math teachers are not provided with sustained opportunities to learn these core 
components of mathematics education while they are in college, nor after they leave 
college and begin teaching.  Many elementary math teachers will indicate that they know 
the mathematical concepts, but what they lack is a deep enough understanding to teach it 
to the variety of learners they encounter in their classrooms (Ball, 1990).  The data shows 
that elementary teachers make a big impact on their students by helping their students to 
achieve learning gains of 10-15% per year (Greenburg et al., 2008).  If such large gains 
are possible, then the teachers need a proper foundation in mathematics to support student 
learning in that content area. The literature will present the foundation for elementary 
teacher programs, the college course work in mathematics for elementary teachers, and 
the transition from college to classroom teacher.  
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Elementary Teacher Certification Programs 
 Teacher certification is a state regulated function, and each state can determine 
which grade levels encompass elementary education (Schmidt, Houang, & Cogan, 2012).  
In Pennsylvania, students considering elementary education certification must complete a 
state-approved baccalaureate program with a GPA of 3.0 or higher.  Recent changes in 
the state certification process have defined elementary education as grades pre-
kindergarten through four.  For this certification, a series of certification tests in the areas 
of child development, assessment, professionalism, language, social studies, the arts, 
math, science and health are required.  If a candidate is interested in certification for 
grades four through eight, then the battery of certification exams is similar with the 
addition of a specified subject area of concentration in language arts, social studies, 
science or math (Pennsylvania Department of Education, 2015).  Teachers currently 
holding elementary certificates for grades kindergarten through six have been 
grandfathered into the new system based on their previously issued certificates.  The 
process for receiving elementary certification in Pennsylvania is clearly defined, and 
elementary certification programs focus on general pedagogy so the candidates are 
trained to teach all subject areas (Schmidt et al., 2012; Greenburg et al., 2008).   
Preparation in specific subject areas is rarely emphasized, and in mathematics this 
leads teaching candidates to make broad generalizations about the content (Ball, 1990).  
Elementary teaching candidates have been able to provide the calculations to arrive at a 
mathematical solution, but they struggle when they are asked to discuss the reasoning 
behind the mathematics.  The K-12 mathematics experience of the pre-service teachers 
forms their foundation for teaching mathematics (Jong & Hodges, 2015).  The elementary 
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teaching candidates learned math using algorithms and special, problem-based 
techniques, and now they are being pushed to teach math in ways that are unfamiliar to 
them.  Elementary teaching certification requirements are generally focused on all 
content areas, and it is the coursework being provided by the colleges that can most 
dramatically impact the teaching candidates (Schmidt et al., 2012). 
College Coursework in Mathematics for Elementary Teachers 
 In the mid-1900’s, teaching programs for future elementary teachers were 
designed to provide one to two specialty courses for each content area.  Today, the 
average program requires two to four courses in mathematics with at least one methods 
course in mathematics education (Graham & Fennell, 2001).  Minor changes have been 
made to the math course requirements for elementary teachers, and colleges must 
continue to examine their programs to meet the needs of future teachers (Lowery, 2002).  
Elementary teaching candidates are spending a lot of time learning general pedagogy for 
the elementary classroom.  One study found that on average, elementary education 
programs were requiring three mathematics methods courses to seven general pedagogy 
courses (Schmidt et al., 2012).  Professors of education, mathematics and mathematics 
education need to come together to design concurrent programs for future teachers that 
will meet the current standards for mathematics at the elementary level (Graham & 
Fennell, 2001; Schmidt et al., 2012).    
 Most elementary education majors are not strong in mathematics (Kajander, 
2010).  They have entered the field of teaching to work with young students, and provide 
opportunities for student learning.  They prefer teaching reading and language arts since 
those are subjects that they are comfortable with from the beginning.  The elementary 
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teaching candidates receive opportunities to learn instructional strategies for mathematics 
during their methods courses.  Most methods courses have the college students 
demonstrate their lessons for each other, which does not provide an authentic learning 
experience.  One strategy that was found to be successful was immersing pre-service 
teachers in the classroom to focus on the delivery of specific content.  Instead of just 
providing general student teaching opportunities, students were required to teach lessons 
in school settings during their methods classes.  These programs allowed students to have 
meaningful learning experiences in the content area by forcing them to focus on the 
pedagogy with actual elementary students (Lowery, 2002).  Future elementary math 
teachers have experienced a variety of learning opportunities in their certification 
programs. 
Attitudes and Teacher Education 
 Studies have shown that teachers’ attitudes can influence the teaching and 
learning that takes place in a classroom (Wilkins, 2010).  Wilkins (2010) studied teacher 
attitudes in conjunction with their favorite subject and their enjoyment of teaching certain 
subjects.  His research showed that the lowest ranking favorite subject areas of 
elementary teachers were math and science.  In contrast to this finding, Wilkins (2010) 
found that upper elementary teachers ranked mathematics as one of their favorite subjects 
to teach.  This discrepancy pointed to an opportunity for teacher education programs to 
focus on changing the attitudes of future teachers about the subject of mathematics.  The 
study by Jong and Hodges (2015) indicated that it is possible to change the attitudes of 
pre-service teachers in the areas of mathematics and teaching mathematics.  The key 
finding related to changing attitudes of pre-service teachers was to embed the methods 
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coursework with field experiences that would support positive experiences in 
mathematics education.  The pre-service teachers’ experiences as mathematics students in 
the K-12 setting need to be adjusted if their attitudes are negative, and effectively 
designed mathematics methods coursework can help to achieve this goal (Jong & 
Hodges, 2015). 
Transition to the First Year of Teaching 
As elementary education majors prepare to leave the college setting and enter the 
classroom, school districts must be prepared to provide opportunities for continued 
growth and lifelong learning.  If colleges help future teachers to understand that their 
learning journey is just beginning when they are in college, then the school districts must 
present opportunities for this continued development (Graham & Fennell, 2001).  Schools 
should consider providing content area mentors for new teachers (Gellert, 2013; 
Kajander, 2010).  Mentoring relationships are often established in the first year of 
teaching, and school administrators should consider how the mentoring relationship can 
foster development in the various content areas instead of just on the general pedagogy of 
elementary teaching.   
New teachers must become comfortable identifying as instructors of mathematics 
(Gellert, 2013).  If too much importance is placed on all of the other parts of an 
elementary school day, then mathematics will be an afterthought.  The only people who 
suffer from a lack of understanding and preparation by the teacher are the students.  The 
journey to a positive self-identity as a mathematics educator is a long one, and it can be 
accomplished by incorporating all of the educational reform efforts that are present today 
(Gellert, 2013).  The combination of mathematically rich certification programs and 
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continuous professional development in mathematics will provide opportunities for 
effective mathematics teaching in the schools (Graham & Fennell, 2001).   
Content and Pedagogical Content Knowledge of Elementary Teachers 
 Researchers who study mathematics education continue to look for the best 
possible solutions to the student achievement problem in mathematics.  Over time, 
research has shown a link between teacher content knowledge, pedagogical content 
knowledge and student achievement (Ball, Thames, & Phelps, 2008; Hill & Ball, 2009; 
Patel et al., 2012; Telese, 2012).  It is not enough for mathematics educators to simply 
have a major or minor in mathematics, but it is the combination of content and pedagogy 
that seems to make the biggest impact on student achievement (Hill & Ball, 2009).  The 
literature will present the importance of teacher content knowledge, the development of 
pedagogical content knowledge, and the links to student achievement.  
Importance of Teacher Content Knowledge 
 The importance of content knowledge becomes clearer as teachers continue to 
work with the more rigorous mathematical standards that are a part of the Pennsylvania 
Core Standards.  Thames and Ball (2010) indicate that the amount of mathematical 
course work one takes in college is not indicative of the mathematical content knowledge 
needed for teaching. Mathematical content knowledge of teachers goes much deeper than 
the concepts taught in complex college mathematics courses.  It requires teachers to be 
able to explain, design, model, analyze and reason mathematically (Thames & Ball, 
2010).  Teachers must have enough mathematical content knowledge to be able to 
diagnose student misunderstandings, and provide redirection for the students to gain a 
complete understanding of the concepts.   
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Holmes (2012) presents a number of different frameworks that describe the 
content knowledge needs of mathematics teachers such as: the application of 
mathematical concepts according to Bloom’s Taxonomy, and level four of Webb’s Depth 
of Knowledge that would require the use of performance tasks to show extended 
reasoning of a mathematical concept.  Additionally, studies have explored and tested the 
degree of teacher content knowledge that is necessary to be an effective teacher, and the 
results indicate that mathematical content knowledge cannot be defined by a general list 
of mathematical concepts and standards (Tchoshanov, 2011).  Instead, various cognitive 
levels of mathematical content knowledge must be considered and addressed 
(Tchoshanov, 2011; Vendlinski et al., 2009).  If teachers are only able to understand 
mathematics at the fact-based level, then the subsequent instruction for students will 
follow at a similar level of understanding.  Teachers must be able to guide students 
through higher levels of thinking and processing with the mathematics, which includes 
the identification and correction of common misconceptions (Tchoshanov, 2011). 
 Critical content knowledge in elementary mathematics.  The onset of the No 
Child Left Behind legislation brought a transition to conceptual understanding of 
mathematics rather than algorithmic procedures that would be memorized by students 
(Smith, Desimone, & Ueno, 2005).  Specifically, core conceptual areas such as number 
sense, data and statistics, geometry and measurement, and algebraic reasoning are being 
emphasized in all grade levels.  Algebraic reasoning has been identified as the conceptual 
area most frequently left out of college mathematics methods courses for elementary 
educators (Greenberg et al., 2008).  Some teachers self-report a firm understanding of the 
facts behind the concepts, but when assessed, the depth of teacher understanding is not as 
  
31 
strong as the self-report.  Alternatively, teachers may indeed understand the concepts, but 
they are not sure how to teach the concepts to students (Ball et al., 2008; Hill & Ball, 
2009; Smith et al., 2005).  It is not acceptable for a teacher to focus solely on the 
designated math curriculum because core mathematical understandings may be lacking 
and therefore the teacher will be unable to support student growth and achievement (Ball 
et al., 2008).     
 Role of mathematical tasks.  Teachers also need to have opportunities to grapple 
with authentic math tasks.  Mathematics Teacher Circles (MTCs) have been developed to 
provide math tasks to teachers, allow them to collaborate on possible solutions and 
strategies, reflect on the possible uses of these tasks in the classroom, and build 
professional networks among mathematics educators (Taton, 2015).  The tasks teachers 
face in the MTCs will not have single solutions, and the unstructured nature will present 
opportunities for teachers to connect possible strategies for use in the classroom.  The 
ultimate reward for the teachers who participate in the MTCs is an increased confidence 
with complex, real-world mathematical tasks. 
The selection of appropriate mathematical tasks can support increased learning. 
However, teachers need to transition their content knowledge into pedagogical 
knowledge to support student learning.  Tasks that only ask students to recall facts or 
algorithms will not provide students with the depth of knowledge necessary to understand 
the conceptual mathematics.  Additionally, appropriate tasks can provide students with 
the context for applying the mathematical concepts at varying degrees of cognitive 
demand (Tchoshanov, 2011).  
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Development of Pedagogical Content Knowledge 
 Successful mathematics teachers have a solid understanding of the content 
knowledge needed to teach math, and they must also be well versed in pedagogical 
content knowledge.  Pedagogical content knowledge is defined as the specialized 
knowledge that is required of teachers who will be considered effective teachers of their 
content (Ball et al., 2008; Holmes, 2012; Lannin et al., 2013).  According to Ball et al. 
(2008), the core components of pedagogical content knowledge include knowing the 
students, knowing the content for teaching, and knowing the content of the curriculum.  
Collectively, all of these skills must be developed to support the depth of mathematical 
teaching required of today’s rigorous mathematical standards.  A lack of understanding of 
how to teach core mathematical concepts will force teachers to alter the rigorous tasks, 
and therefore limit possible levels of student achievement (Polly et al., 2013).  In 
isolation, strong content knowledge or strong pedagogical knowledge will not provide the 
most effective teaching needed for students to achieve success with mathematical 
concepts. 
Practices to Increase Student Understanding 
 Effective mathematics instruction is based on the content knowledge and 
pedagogical knowledge of the teachers.  There are many resources available today to 
support teachers as they strive to implement practices that will meet student needs while 
focusing on the Common Core State Standards.  The National Council of Teachers of 
Mathematics has been instrumental in providing strategies that teachers can use to 
implement the content standards, as well as, the Standards for Mathematical Practice.  
The book, Principles to Action (NCTM, 2014), provides the following strategies with 
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examples that would enhance each lesson to support the learning of the mathematics 
concepts:  set goals for the lesson, use mathematical tasks that can be solved multiple 
ways to provide opportunities for discussion and reasoning, allow students to use 
representations to demonstrate mathematical learning, provide opportunities for students 
to compare and constructively debate mathematical solution techniques, use rich 
questioning techniques, increase fluency so students can apply procedures to many 
different applications, encourage productive struggle, and allow students to demonstrate 
their thinking in an environment focused on growth.  While these strategies will bring to 
life the Standards for Mathematical Practice, there are two additional, specific 
mathematics-teaching practices that support conceptual understanding: concrete-
representational-abstract, and formative assessment lessons developed for the Math 
Design Collaborative through the Bill & Melinda Gates Foundation. 
 Concrete-representational-abstract (CRA) is one technique that is being used 
throughout elementary math classrooms to help students to establish a solid foundation 
for many math concepts (Pennsylvania Department of Education, 2017).  The technique 
is based on starting with a physical model of the mathematical concept, transitioning the 
model to something that is written on paper, and finally transitioning to the mathematical 
symbols.  Teachers must use all three phases of the technique to support student learning, 
and manipulatives should be used that match the demands of the concept.  CRA was 
initially introduced as an intervention strategy, but many teachers are implementing it to 
support conceptual understanding for all students. 
 The Bill and Melinda Gates Foundation had a goal of providing easy, content-
rich, research-based instructional strategies that would support student achievement in 
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literacy and mathematics (Bill & Melinda Gates Foundation, 2014).  The Math Design 
Collaborative (MDC) is one of two collaborations that were developed to meet their 
goals.  MDC is based on the use of formative assessment lessons that incorporate the 
following components to improve and enhance conceptual understanding of math 
concepts:  a pre-assessment individual student task, teacher review of pre-assessments to 
look for misconceptions and provide student feedback, a collaborative student activity, a 
whole class discussion, and eventually a post-assessment student task that is similar to the 
pre-assessment.  The formative assessment lessons have been developed in advance for 
many CCSS concepts, and the professional development that accompanies MDC would 
allow teachers to further develop their own lessons (Mathematics Resource Services, 
2015).  The professional development that accompanies MDC will support pedagogical 
growth and development for teachers as they strive to increase student achievement.       
Links to Student Achievement 
 Students are challenged to increase their academic achievement in mathematics.  
In many cases, students are faced with difficult math tasks in the classroom, and the 
learned response of the students is that they are not good at math (Kimball & Smith, 
2013).  While there may be a degree of math ability that is connected to ones genetics, 
psychology studies have shown that when people believe they cannot improve their level 
of intelligence, then they have no reason to attempt to change their level of understanding 
(Kimball & Smith, 2013).  This problem is exacerbated in the area of mathematics 
education, and new strategies for mathematics instruction must be considered so that 
students can compete in a global economy where a solid mathematics foundation is 
needed in many different career fields (Kimball & Smith, 2013). 
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Many studies have been conducted to attempt to show connections between 
mathematics teacher content knowledge, pedagogical content knowledge and student 
achievement.  In most cases, there is a limitation to the study that prevents a full 
endorsement of any singular strategy or component.  Collectively, most of the studies 
have been able to show a general linkage that indicates effective teaching has been 
connected to increased student achievement in mathematics (Newton & Winches, 2013; 
Tchoshanov, 2011; Telese, 2012).  Some studies have been able to show connections 
between student understanding and certain key teaching behaviors such as: the 
appropriate use of mathematical tasks and discussions, and a thorough understanding of 
student mathematical thinking (Polly et al., 2013).  However, since there is no clearly 
defined connection between one component and another, mathematics teacher content 
knowledge and pedagogical knowledge must continue to be explored to determine the 
appropriate connections to student achievement. 
Professional Development for Elementary Teachers 
 A possible support for increased teacher content and pedagogical knowledge was 
emphasized more clearly with the No Child Left Behind legislation that increased the 
requirement for professional development for teachers (Telese, 2012).  In order for 
professional development to be effective, each teacher should be actively engaged in 
appropriate learning opportunities for a minimum of 49 hours each year (Patel, Franco, 
Miura, & Boyd, 2012).  It has been shown that in order to provide mathematics teachers 
with the best forms of professional development to meet their students’ needs, 
appropriate assessment of teacher content and pedagogical knowledge must be completed 
prior to the training sessions (Vendlinski, Hember, Mundy, & Phelan, 2009).  
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Professional development in mathematics should be individualized to meet the needs of 
the teachers, collaborative to build coalitions among colleagues, and viewed as a critical 
element of success by the school districts (Graham & Fennell, 2001; Lowery, 2002).  The 
collaborative nature of professional development must transcend the single professional 
development session, and often this is accomplished through the incorporation of 
professional learning communities for educators (Kafyulilo, 2013).  The literature will 
present components of professional development models, the potential impact of 
professional development on the mathematics capacity of elementary teachers, the design 
principles of math professional development, and the impact on content and pedagogical 
knowledge.   
Professional Development Models 
 Most professional development is conducted during workshop type sessions with 
a general topic that is to be applicable to all teachers in attendance (Dahlberg & Philippot, 
2008; Taton, 2015).  Minimal impact from these sessions is realized in the classroom 
because teachers are not engaged, do not see the connections to their classroom content, 
or the teachers just simply do not believe in the mandated topic for professional learning 
(Dahlberg & Philippot, 2008).  Professional development should be designed in 
collaboration with the teachers so that administrators have a true understanding of teacher 
needs.  Teachers should also have some choice in various options for professional 
development sessions that will best meet their needs (Dahlberg & Philippot, 2008; Taton, 
2015).  Effective professional development that will be transferred into practice is to be 
sustained, collaborative, embedded in the school, and last for 30-100 hours for a 
minimum of half of a calendar year (Kanold & Larson, 2012). 
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 Budget cuts have impacted funding for appropriate professional development 
(Polly, Neale, Pugalee, 2013; Taton, 2015).  Many teachers are receiving one-day 
professional development workshops with no follow-up related to classroom 
implementation.  Research has shown that this format is doomed to fail (Dahlberg & 
Philippot, 2008).  Professional development must be job-embedded and sustained long 
term in a collaborative setting where direct connections are made to the classroom 
content.  In mathematics education, teachers who have anxiety related to the content will 
not be more apt to try something new after a single overview of the content or strategy.  
Anxiety will increase due to avoidance of the topic (Taton, 2015).  All of these principles 
must be considered as mathematics specific professional development is designed for 
teachers. 
 Professional learning communities.  Education has seen an increase in the 
implementation of professional learning communities (PLC) to support ongoing 
collaboration among educators (Owen, 2014).  Educators have been known to collaborate 
with their peers, but a structured PLC environment is designed to support professional 
growth.  The roles of professional learning communities can vary depending on the 
structures that have been designed, and they have proven to be valuable tools for 
continuing professional learning beyond isolated workshops.  Research has shown that 
the nature of the collaborative groupings provides an important aspect of the continuation 
of professional learning (Owen, 2014).  The educators must have similar goals, interests, 
and a desire to improve their own practice for the best interests of their students in order 
to have successful professional learning collaborations facilitated by teachers.  
Additionally, the focus of the professional collaborations should be centered on the 
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curriculum being taught and the techniques needed to effectively teach the core content 
(Kanold & Larson, 2012).  The formation of the professional learning community takes 
careful planning.  When implemented correctly professional learning communities can 
further professional development for teachers, and should be considered as integral parts 
of collaborative professional development models (Owen, 2014).  
 Instructional coaching.  There is currently little research on the effectiveness of 
instructional coaching for teachers, however the components of instructional coaching 
support the key elements of effective professional development that were previously 
presented (PA Institute for Instructional Coaching, n.d.).  Instructional coaching provides 
ongoing, classroom-based, professional learning that supports individual teachers with 
daily challenges related to content or pedagogy.  Instructional coaching has a foundation 
in the formation of a trusting relationship between the instructional coach and the teacher.  
The coaching model must be non-evaluative with a goal of improving instructional 
practice over an extended period of time.  Teachers who have participated in coaching 
models have been able to make immediate changes to their instructional practices, and 
they have also seen long-term changes in student achievement and engagement (PA 
Institute for Instructional Coaching, n.d.).         
Design Principles of Math Professional Development 
 An integral part of designing professional development experiences for math 
teachers is to make sure to focus on the needs of the teachers (Koellner, Jacobs, & Borko, 
2011; Perritt, 2010; Walker, 2007).  Arbaugh and Brown (2005) considered many forms 
of professional development for math teachers before deciding to use a task analysis 
strategy, which proved to increase the rate of positive participation by the teachers.  
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Additionally, teachers who reported an increase in self-efficacy also reported preferences 
for certain styles of professional development delivery that varied based on the core 
content that was being delivered.  The increased self-efficacy corresponds with likely 
implementation of the learned strategies, and therefore variation in professional 
development delivery is supported (Stevens, Harris, Aguirre-Munoz, & Cobbs, 2009).  
Finally, it is critically important to design professional development for mathematics 
educators that will be delivered over a series of weeks and months so that a more lasting 
impact will be realized (Perritt, 2010; Vendlinski et al., 2009; Walker, 2007).  
 Learner-centered professional development is one model that meets the needs of 
reform-based mathematics (Polly et al., 2013).  This professional development model 
puts the focus on the teacher, and fulfills the individualized professional learning needs 
that the teacher has in mathematics.  The model also promotes collaboration, looks to 
increase content and pedagogical knowledge through an analysis of mathematical 
misconceptions, makes explicit connections to the classroom, and provides ongoing 
support for the teachers.  The study conducted by Polly et al. (2013) did not differentiate 
which piece of their professional development model had the greatest impact, but the 
results showed an increase in the content and pedagogical knowledge of elementary 
mathematics teachers as a result of their year-long professional development program.    
Increase Capacity of Teachers 
 Research indicates that participation in more in-depth mathematically focused 
professional development is likely to increase content knowledge and pedagogical 
knowledge (Koellner et al., 2011; McGee, Wang, & Polly, 2013; Oleson, 2010; 
Vendlinski et al., 2009).  The literature indicates that the content that is presented during 
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professional development sessions increases the mathematical capacity of the teacher, 
impacts the teacher’s likelihood of implementation, and potentially has a subsequent 
impact on student achievement (Salinas, 2010).  Specifically, one study showed that 
when the content of the professional development sessions was directly aligned with 
student needs, teachers indicated an increased value in the sessions (Rogers, 2013). In 
order to increase the capacity of math teachers at the elementary level, the professional 
development sessions should offer a blend of new mathematical content, and activities 
that can be used with students, so that the content needs of the teachers are not 
overlooked (Walker, 2007).  Professional development sessions that are properly 
designed should impact all of the participants in a positive manner.  
Impact on Content and Pedagogy 
 On average, teachers participate in no more than 16 hours of content specific 
professional development each year.  Fifty or more hours per year are needed in order to 
make a profound impact on teaching and learning (Taton, 2015).  Studies have shown 
that elementary mathematics teacher content and pedagogical knowledge can be 
increased as a result of focused professional development (Koellner et al., 2011; McGee 
et al., 2013; Oleson, 2010; Vendlinski et al., 2009).  Teachers must participate in 
professional development opportunities in order to remain highly qualified in their 
content area (Patel et al., 2012; Telese, 2012).  Research also shows that math teachers 
are reporting increased self-efficacy and comfort with the concepts when content and 
pedagogy are emphasized during sustained professional development (Althauser, 2010).  
It is not enough for teachers to know only the content standards for the grade level that 
they are teaching (Taton, 2015).  A textbook will only provide the teacher with the 
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individualized concepts.  Connections to other concepts and standards must be developed 
along with thorough understandings of potential misconceptions (Ball, 1990).  
Opportunities for teacher growth can be designed through focused professional 
development sessions with mathematical content and pedagogy as the focus. 
Summary 
 An examination of elementary math teacher certification programs, knowledge of 
content and pedagogy, and mathematics specific professional development opportunities 
has provided some context for this study.  The literature has shown that an effective way 
to improve mathematics education is through sustained professional development 
opportunities for teachers (Perritt, 2010; Vendlinski et al., 2009; Walker, 2007).  
Teachers must be presented with opportunities to grow and develop their own content 
knowledge in ways that will stretch them to understand the mathematics at deeper 
cognitive levels (Tchoshanov, 2011).  Once the teachers have a more thorough 
understanding of the concepts, then they will feel more comfortable with the content and 
will be able to support increased student growth and achievement in mathematics.  As a 
result, further study will examine the specific attitudes, practices and professional 
development opportunities of the elementary math teachers of a small, suburban school 
district in south central Pennsylvania to determine their future professional learning 
needs.  
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Chapter 3: Research Methodology 
Introduction  
 The purpose of this research is to determine the current status of elementary 
teachers’ attitudes and practices associated with teaching mathematics in light of the 
recent adoption of the Pennsylvania Core Standards on.  In 2014, Pennsylvania adopted 
new, more rigorous standards that were similar to the Common Core State Standards.  
The state implemented its new standardized assessments for reading, writing and 
mathematics to students in grades three through eight during the 2014-15 school year 
(Pennsylvania Department of Education, 2015).  The assessments in reading and math 
were aligned to the more rigorous Pennsylvania Core standards, and as a result teachers 
did not have much time to adapt to the new standards before the first administration of 
the assessment.  The changes to the PA Core standards have moved more rigorous 
mathematical concepts to earlier grade levels, and increased the conceptual understanding 
required for many mathematical principles (Pennsylvania Department of Education, 
2013).  The degree of implementation support that elementary teachers have received 
related to the change is uncertain.  The study will consider the following research 
questions: 
• What are current elementary teachers’ attitudes about the Pennsylvania 
Core Standards in Mathematics in a small suburban school district in south 
central Pennsylvania?  
• What are current elementary teachers’ mathematics instructional practices 
in a small suburban school district in south central Pennsylvania? 
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• What are current elementary teachers’ professional development 
opportunities and selections related to mathematics in a small suburban 
school district in south central Pennsylvania? 
The sub-questions of this study are: 
• How do teachers self-assess their preparation and understanding across the 
content standard areas of:  numbers and operations, algebraic concepts, 
geometry, and measurement, data and probability? 
• How do teachers self-assess their preparation and understanding of the 
pedagogical standard areas of the mathematical practices? 
This chapter will present a mixed methods, case study research design, along with 
the rationale for selecting a mixed methods, case study approach.  A discussion of the 
school district representing the site for this study will be presented.  Details of the 
specific research methods and the ethical considerations related to this study will 
conclude the chapter.   
Research Design and Rationale 
A mixed methods approach was designed for this case study to appropriately 
capture the breadth and depth of the research questions.  A case study methodology was 
selected to explore the complex issues associated with the implementation of the PA Core 
Standards within a single school system (Creswell, 2013).  The mixed methods approach 
provides an in depth analysis with multiple sources of data to support recommendations 
based on a single case study.  The inclusion of qualitative and quantitative data allows for 
a more robust analysis that will form the connections to provide answers to the research 
questions (Creswell, 2014).  The mixed methods design will begin with the quantitative 
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analysis, and the quantitative data will inform the focus group interviews for the 
qualitative portion of the study. Together, the full analysis will provide action steps and 
recommendations as a result of this study.  
A pragmatic worldview frames this research since the focus is on the problem of 
instructional practice in elementary mathematics related to the adoption of new standards 
(Creswell, 2014).  The specific case for this study was selected to examine the problem in 
great detail in a setting where other variables may have less influence on the problem 
being studied (Creswell, 2013).  The instrumental case study will provide an illustration 
of the problem, and present assertions that may be able to be applied in other similar 
school districts (Creswell, 2013).  This study will use a single school district for the case, 
but various perspectives will be included since the sample may include elementary 
teachers from all of the elementary grade levels, kindergarten through grade five. 
A mixed methods approach supports this research study in two distinct ways.  The 
quantitative portion will provide concrete survey data from a blend of survey items 
addressing the attitudes, practices and professional learning of the elementary teachers 
related to teaching mathematics following the adoption of the PA Core Standards.  
Teachers are human subjects who have feelings and emotions, and qualitative data will be 
needed to capture all of the perspectives.  Focus group interviews by grade level will 
provide insights into teacher attitudes and practices, and artifact reviews will show a 
different perspective of the practices of teachers related to mathematics instruction.  
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Site and Population 
Population Description 
 All teachers have been asked to revise their instructional practices based on the 
Pennsylvania Core Standards, and this study is focused solely on elementary teachers.  
This study will focus on a population of kindergarten through grade five elementary 
school teachers from a suburban school district in south central Pennsylvania.  The whole 
population of elementary teachers provides a population size of 50, and all elementary 
teachers will have an opportunity to provide data through the quantitative survey.  In 
many elementary schools, everyone teaches all of the subjects, but this particular school 
has pockets of departmentalization occurring at the elementary level.  The 
departmentalization is voluntary, and the teachers work in small grade level pairs or 
teams, with the administration, to make those decisions.  This study is only designed for 
those elementary teachers who are currently teaching mathematics to at least one class in 
the regular education setting, and teachers will be eliminated from the sample if they do 
not currently teach mathematics.  The elementary teachers in the district have an average 
of approximately 15 years of teaching experience with approximately 12 of those years 
being within the school district.   
All of the teachers from the school district will be considered for the sample.  
Active recruitment will be conducted by presenting the purpose of the study, along with 
the research methods, to the teachers during a faculty meeting.  The researcher will 
present the information, and take questions from potential subjects at the conclusion of 
the meetings.  Following the personal invitation to participate, the teachers will receive 
an email reminding them of the purpose of the research.  The email to all elementary 
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teachers will include links to the survey and consent for participation.  The participation 
in this study will be completely voluntary with an anticipated sample size of 20 teachers, 
and those who provide a signed consent form to participate will be included in the sample 
if they are currently teaching mathematics. 
Site Description 
 The planned site for the study is a small school district in south central 
Pennsylvania covering only 37.5 square miles with borders of farmland and urban areas 
(Pennsylvania Department of Education, 2016).   The district has an enrollment of just 
over 3,000 students with 87% white, non-Hispanic, and 22.37% economically 
disadvantaged (Pennsylvania Department of Education, 2016).  All of the elementary 
classrooms in the district are located in two buildings that are next to each other on the 
district’s main campus.  The intermediate building contains grades three through five, 
while a separate primary building contains kindergarten through grade two classrooms.  
The elementary schools have an enrollment of over 1,200 students with approximately 
85% white, non-Hispanic, and approximately 22% economically disadvantaged.   
All elementary teachers are working with a new curriculum that is based on the 
PA Core Standards, and during the 2016-17 school year they are implementing a new 
math series as a resource to support the curriculum.  The school district adopted 
Houghton Mifflin Harcourt’s Math Expressions Common Core for all classrooms in 
kindergarten through grade five.  Students receive anywhere from 20 to 90 minutes of 
math instruction each school day.  The kindergarten is a half-day program, and there are 
four kindergarten teachers.  Each remaining grade level has between eight to ten teachers 
for the grade, with predominantly female teachers.  Standardized testing begins in grade 
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three, and the elementary students in grades three through five have historically shown 
high achievement on the state’s standardized testing with average proficiency levels in 
2015 of 83% in English Language Arts, 90% in Science, and 63% in Mathematics.  In 
2016, the average proficiency levels were relatively the same in English Language Arts 
and Science, and the mathematics scores saw an increase to approximately 67% of third 
through fifth graders achieving proficiency.  
Site Access 
The researcher is currently employed in the case study school district with an 
assignment in the high school.  The researcher has obtained access to the site and 
participants through the superintendent of the school district.  Appendix A presents the 
letter that requests the written consent from the superintendent of the case study school 
district.  A written response from the superintendent will provide the permission for the 
research to be conducted.  The superintendent has preliminarily agreed to allow any and 
all research to take place in the schools as long as it does not interfere with the work 
functions of the participants.  Space for interviews will be available in the buildings 
where the teachers work to facilitate the data collection process.  Additional consent 
forms signed by the teachers, acknowledging their participation (Appendix B), will be 
ascertained prior to any of the teachers participating in the study. 
Research Methods 
 The mixed methods design for this study incorporates a quantitative analysis to 
assess elementary teacher attitudes related to mathematics instruction, and qualitative 
data to provide a deeper analysis of the personal perspectives of the participants.  The 
quantitative portion of the study will present the facts related to elementary teacher 
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attitudes, practices and professional learning opportunities, and the qualitative portion 
will present supporting information to provide a deeper explanation regarding the 
teachers’ attitudes, practices and professional learning. 
Description of Each Method Used   
Survey.  The quantitative analysis within this study will be conducted using a 
survey of the entire population of elementary teachers.  The survey (Appendix C) has 
been designed using a blend of available survey tools to gather data regarding the 
attitudes, practices and professional learning of each teacher.  The survey has been 
adapted from The Attitudes and Practices for Teaching Math Survey (Nelson Education 
Ltd., 2004), and the TIMSS 2015 teacher questionnaire (IEA, 2014).  The Attitudes and 
Practices for Teaching instrument was designed by Nelson Education Ltd. to support 
mathematics improvement in schools.  The instrument is based on research and has been 
validated through the work that was conducted by the organization in Canada.  The 
instrument in its entirety is embedded as an assessment within professional learning 
modules for teachers (Nelson Education Ltd., 2004).  The TIMSS teacher questionnaire is 
administered through the National Center for Educational Statistics in conjunction with 
the TIMSS assessment.  All teachers who administer the TIMSS assessment complete the 
teacher questionnaire, and all data is used only for statistical purposes (IEA, 2014).  Items 
from these two instruments have been embedded into the survey as they support the 
research questions in this study.   
The survey also includes unique items that have been developed to gain a deeper 
understanding of teachers’ attitudes, practices and professional learning specifically 
aligned to the PA Core Standards.  The reliability will be checked to determine if the 
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assessment items produce consistent results from the elementary teacher participants.  
The validity will be checked against the alignment of the research questions and the 
survey items (see Table 2).   
The survey includes demographic data without requesting names to protect 
anonymity, and it has been constructed in SurveyMonkey.  A link to the survey will be 
emailed to the building principals, who will be the conduit for sharing electronic 
correspondence with the teachers, along with consent forms that guarantee anonymity, 
and the details of the voluntary participation opportunity.  The survey instrument will 
gather data using a variety of statements regarding teacher attitudes and practices in each 
category of the mathematical content standards and practice standards.  The survey will 
be available to all teachers in the study for a two-week period of time.  Response rates 
will be monitored, and the window will be adjusted as needed. 
 Focus Groups.  The qualitative analysis will initially be conducted via focus 
group interviews to gain more insights into the reasons behind the elementary teachers’ 
attitudes about mathematics instruction.  The goal of the focus group interviews is to ask 
open-ended questions so teachers will elaborate on their attitudes and practices related to 
mathematics instruction professional development.  Different from the quantitative 
survey, the qualitative analysis must allow room for teachers to share future goals for 
mathematics instruction, as well as future needs related to their mathematics instruction.  
The focus group interviews will be conducted with groups of teachers from the same 
grade level, and each focus group will follow the same protocol using the questions found 
in Appendix D.  The grade level teams have each made the same adjustments from the 
old standards to the new standards, and the grade level teams collaborate throughout the 
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school year.  Keeping the teachers grouped in this fashion should provide the most 
comfortable setting for teachers to share openly during the focus group interviews.  The 
questions may be adjusted slightly based on the data that is gathered during the 
quantitative portion of the study, and the current questions are aligned to the research 
questions as seen in Table 2.   
The focus group interviews will be scheduled for each grade level on a different 
day. Each focus group interview will be scheduled for thirty minutes immediately 
following the end of the contracted teacher day.  The interviews will be held in a pre-
determined location in the building where the teachers currently work to encourage 
attendance.  All grade level teachers will be invited to attend the focus group interviews, 
and teachers will be reminded that participation is voluntary.  A focus group interview 
protocol will be presented to the teachers notifying them that the interview will be 
recorded, and identifying information should be excluded from their remarks.  The 
teachers will also be reminded that all of the information is being used solely for the 
purpose of the research study, and the data will not be shared with the district 
administration.  The researcher will conduct all of the focus group interviews, record 
them, and use a transcription service to provide the interview data once all focus group 
interviews have been completed. 
  
  
51 
Table 2. 
Alignment of Research Questions with the Sources of Data 
Research Questions Quantitative Data 
Source: Survey  
Qualitative Data 
Source: Focus Group 
Interview Questions 
1. What are current elementary 
teachers’ attitudes about the 
Pennsylvania Core Standards 
in Mathematics in a small 
suburban school district in 
south central Pennsylvania? 
 
9-12 1, 7, 10 
2. What are current elementary 
teachers’ mathematics 
instructional practices in a 
small suburban school district 
in south central Pennsylvania? 
 
14,15 6, 7, 9, 10 
3. What are current elementary 
teachers’ professional 
development offerings and 
selections related to 
mathematics in a small 
suburban school district in 
south central Pennsylvania? 
 
17-20 2-6, 8 
4. How do teachers self-assess 
their preparation and 
understanding across the 
content standard areas of:  
numbers and operations, 
algebraic concepts, geometry, 
and measurement, data and 
probability? 
 
13 11 
5. How do teachers self-assess 
their preparation and 
understanding of the 
pedagogical standard areas of 
the mathematical practices? 
16 12 
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 Artifacts.  A document review will also be conducted to look at a sample of the 
teachers’ lessons plans for each grade level.  The goal of the document review is to 
examine the instructional practices that the teachers are planning to use related to the PA 
Core Math Standards and Practices.  The lesson plans may show teacher comfort level 
with the content standards or practice standards based upon the multiple methods that are 
included in the plans (Bay-Williams, Duffet, & Griffith, 2016).  The case study school 
district does not have a prescribed lesson plan format, and teachers are only required to 
have daily lesson plans.  The new textbook series that is being used as a resource in the 
elementary schools provides some structure for lesson planning, but teachers are not 
required to use the lesson planning features since the series is viewed as a resource to 
support curriculum and instruction.   
The elementary math teachers who participated in the survey will be asked to 
share their math lesson plans from the week of April 17, 2017.  The lesson plans will be 
shared electronically with the researcher so that the researcher can have access to the 
plans for the duration of the study.  Each teacher will receive an email with the details of 
their participation in the study.  The email will contain the link to the quantitative survey, 
and a link to a SurveyMonkey survey for document upload of the lesson plans.  The use 
of SurveyMonkey will protect the identity of the teacher, and the teacher will be able to 
submit multiple documents as available.  The teachers will be asked to make sure that 
there are no names included with the plans, and they will only indicate the grade level 
associated with the plans.  The researcher will sort the lesson plans by grade level prior to 
analyzing the data.   
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Data Analysis Procedures   
The quantitative analysis survey instrument contains items assessing teacher 
attitudes, instructional practices, and professional learning.  The items require the 
teachers to self-assess their level of agreement, preparedness, or frequency of 
implementation through a series of Likert-type items and Likert scale items.  The analysis 
will combine a variety of statistical measures based on the question.  Questions 12-16 and 
19 contain Likert-type items that can be combined to describe the attitudes, practices or 
professional learning of the participants.  Likert-type items are ordinal in nature due to 
the ranking that occurs by the participant completing the survey (Boone & Boone, 2012).  
The mode and/or median will be identified for the Likert-type items based on groups of 
participants.  The participants will be grouped based on grade level, teaching experience, 
and number of hours of professional development to consider the frequencies and 
potential variability among the items.  Potential relationships between teacher attitudes 
and instructional practice, between teacher attitudes and professional learning, and 
between instructional practices and professional learning will be considered by looking 
for variability in the frequencies of the responses to the respective survey items.  
Survey items 9-11 are Likert scale items with data that can be combined to 
measure specific variables (Boone & Boone, 2012).  Item nine will specifically measure 
the participants’ attitudes about teaching, and items ten and eleven will measure their 
attitudes about teaching math.  The mean scores for the Likert scale items will be 
calculated to allow for a comparison of means based on the grade levels taught by the 
participants, the number of years of teaching experience of the participants, and the 
number of hours of professional development completed by the participants.  The 
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statistical analysis will provide the first level of analysis, and the qualitative portion of 
the study will provide additional data to work in conjunction with the quantitative data. 
 The qualitative focus group interviews will be coded using open coding since all 
of the subjects participating in the study are from the same school district (Creswell, 
2013).  The open coding will support an analysis based on themes within and across the 
grade levels.  This study seeks generalizations related to elementary mathematics in the 
given school district to answer the research questions, and therefore the themes should 
provide appropriate answers to the research questions.  A rubric will be used for the 
lesson plan review (Appendix E), and the mean scores for each category will be 
calculated to look for strengths and weaknesses in the lesson plans.  The categories in the 
rubric describe core components of a lesson plan related to the mathematical content 
standards, mathematical practices, and a variety of instructional practices, as the lesson 
analysis will seek answers to the second research question and both sub-questions 
(Sacramento City Unified School District, n.d.; Turtle Mountain Community College, 
2011).  The final analysis will consider the convergence and divergence of the data 
among all of the research methods. 
Stages of Data Collection   
The quantitative analysis survey will be administered before any other data is 
collected.  The survey will be administered during the last two weeks of April of 2017 
giving the sample of elementary teachers a two-week window to complete the survey.  
Along with the request for survey completion, the teachers will receive an email with a 
different link asking them to share their lesson plans from the week of April 17, 2017.  
Those teachers who chose to participate in the study will be invited to focus group 
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interview sessions by grade level.  The focus group interviews will be conducted in a 
classroom within each school during the month of May 2017.  The dates and times for 
each focus group meeting will be established in advance so that teachers have enough 
advance notice to arrange to be present. All of the data will be analyzed throughout the 
process with the bulk of the transcription and analysis occurring during May and June of 
2017.  
Date (week of) Activity 
January 30, 2017 IRB Submission 
April 6, 2017 Deliver online survey to teachers to collect data 
Collect lesson plans for artifact review 
April 20, 2017 Verify that surveys and lesson plans have been submitted 
Request additional volunteers if sample is too small 
Begin data analysis 
Publish focus group interview dates, times and locations 
May 3, 2017 Conduct focus group interviews (2 per week) 
June 1, 2017 Complete Transcription, Coding and Data Analysis 
    
Ethical Considerations 
 The participation by human subjects in this research creates a need for the 
Institutional Review Board (IRB) to approve the design.  The IRB will confirm that every 
effort to protect the human participants has been taken throughout all phases of the 
research.  All of the participants are adults, and from the K-12 school setting, so 
additional approvals from other governing bodies are not required.  The school 
superintendent will provide the necessary approval for the participation of the teachers in 
the study, and each teacher will voluntarily consent to participate in the study.   
 The ethical issues in this study have been minimized.  The study is based on 
attitudes and perceptions related to mathematics instruction. Teachers will not be asked to 
do anything beyond the scope of their normal teaching responsibilities, and they will be 
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assured that the participation by the researcher will have no bearing on their employment 
or evaluations.  The anonymity of each teacher will be maintained throughout the 
collection of data for the study.  Teachers will never put their names on documents 
pertaining to the data collection, and the quantitative surveys will only ask for 
demographic information that describes the teachers.   
The researcher is employed as an administrator at the secondary level in the 
school district of this case study.  The researcher does not directly supervise or interact 
with any of the teachers who will participate in this study.  The data that is gathered 
during this study will be used for the purpose of the study, and to inform potential 
professional learning opportunities for teachers within the school district.  The summary 
analysis and recommendations will protect the individual data that is provided by the 
teachers, and support professional growth opportunities for the teachers in the future.  
While the researcher will conduct the focus group interviews, the names of the teachers 
will not be included in any aspect of the data collection.  Assurances of the anonymity 
and confidentiality will be presented to each participant in the form of the participant 
consent letter (Appendix B).    
Summary 
 A mixed methods, case study will be conducted to determine the impact of the 
Pennsylvania Core Standards on the attitudes, practices and professional learning of 
elementary teachers in a small, suburban school district in south-central Pennsylvania.  
The quantitative data will provide the first layer of information by presenting a picture of 
the general practices and attitudes of the elementary math teachers.  The qualitative data 
will delve deeper into potential reasons for the attitudes and practices, and provide the 
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insights into professional learning opportunities of the teachers. The findings from the 
study will be presented in the next chapter, and recommendations regarding the future 
needs of elementary mathematics teachers who have implemented the Pennsylvania Core 
Standards for Mathematics will emerge from the analysis. 
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Chapter 4:  Findings, Results and Interpretations 
Introduction 
 The adoption of the Common Core State Standards in 2010, and finally the 
adoption of the Pennsylvania Core Standards (PA Core) in 2014 brought many changes 
to curriculum and instruction in schools throughout the state (Pennsylvania School 
Boards Association, 2015).  This case study examines the current attitudes, instructional 
practices, and mathematics related professional development of elementary teachers in a 
suburban school district located in south central Pennsylvania.  The purpose of this study 
is to analyze the data gathered in the areas of: teacher attitudes following the adoption of 
the PA Core Standards, teacher instructional practices, and the mathematics related 
professional development that the teachers have participated in to support the adoption of 
the new standards.  The data analysis will seek answers to the following research 
questions that form the foundation of this study: 
• What are current elementary teachers’ attitudes about the Pennsylvania 
Core Standards in Mathematics in a small suburban school district in south 
central Pennsylvania?  
• What are current elementary teachers’ mathematics instructional practices 
in a small suburban school district in south central Pennsylvania? 
• What are current elementary teachers’ professional development 
opportunities and selections related to mathematics in a small suburban 
school district in south central Pennsylvania? 
The sub-questions of this study are: 
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• How do teachers self-assess their preparation and understanding across the 
content standard areas of:  numbers and operations, algebraic concepts, 
geometry, and measurement, data and probability? 
• How do teachers self-assess their preparation and understanding of the 
pedagogical standard areas of the mathematical practices?     
Three data collection tools were used during the study:  an electronic survey was 
given to each participant, each participant submitted a lesson plan for inclusion in an 
artifact analysis, and all of the participants were invited to participate in focus group 
interviews.  The alignment of the research questions with the electronic survey and focus 
group interviews data collection tools can be found in Table 3.  The artifact analysis of 
the lesson plans supports research question number two by providing some insights into 
the instructional practices that are planned by the teachers.  The data analysis leads to the 
findings and results that will answer the research questions.  This chapter presents the 
measures and methods that were used to gather and analyze the data, the findings from 
the data collection, and the results and interpretations of the collected data. 
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Table 3. 
Alignment of Research Questions with the Sources of Data 
Research Questions Quantitative Data 
Source: Survey  
Qualitative Data 
Source: Focus Group 
Interview Questions 
1. What are current elementary 
teachers’ attitudes about the 
Pennsylvania Core Standards 
in Mathematics in a small 
suburban school district in 
south central Pennsylvania? 
 
9-12 1, 7, 10 
2. What are current elementary 
teachers’ mathematics 
instructional practices in a 
small suburban school district 
in south central Pennsylvania? 
 
14,15 6, 7, 9, 10 
3. What are current elementary 
teachers’ professional 
development offerings and 
selections related to 
mathematics in a small 
suburban school district in 
south central Pennsylvania? 
 
17-20 2-6, 8 
4. How do teachers self-assess 
their preparation and 
understanding across the 
content standard areas of:  
numbers and operations, 
algebraic concepts, geometry, 
and measurement, data and 
probability? 
 
13 11 
5. How do teachers self-assess 
their preparation and 
understanding of the 
pedagogical standard areas of 
the mathematical practices? 
16 12 
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Data, Measures and Methods 
The mixed methods data collection was conducted in the case study school district 
between April 13, 2017 and June 1, 2017.  At the conclusion of a one month period of 
recruitment and initial data collection, 14 of 17 eligible teachers in the intermediate 
building had completed their permission forms, on-line surveys, and had submitted their 
lesson plans.  The teachers of the primary grades opted not to participate in the study.  
The findings present the data that was collected through the electronic survey, lesson 
plans and grade level focus group interviews from the 14 teachers in grades three, four 
and five.  
Measures 
 The electronic surveys present raw data provided by the study’s participants.  The 
demographic survey data presented contextual information to frame the survey results.  
The survey data represented the following factors:  participant attitudes following the 
adoption of the PA Core standards, participant instructional practices, participant 
preparation and understanding of the content standards and pedagogical content 
standards, and participation in mathematics related professional development.  The data 
for all factors was used in its raw form.  The following sets of data were also coded for 
analysis:  participant attitudes following the adoption of the PA Core standards, 
participant instructional practices, participant preparation and understanding of the 
content standards and pedagogical content standards.  The qualitative focus group 
interviews provided data that was coded with the same factors as the quantitative surveys.  
The lesson plan analysis provided numerical data for each category of the lesson plan 
rubric (Appendix E).  The categories within the rubric support the factors of participant 
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instructional practices, and participant preparation and understanding of the content 
standards and pedagogical content standards.  The analysis will focus on the relationships 
between these factors and the research questions.       
Methods 
 The analysis examines the aggregated survey data for all of the participants by 
reporting the frequency and percent response for each of the survey questions.  The data 
is also disaggregated to present subgroup data based on the following demographics:  
grade level taught by the participants, years of teaching experience of the participants, 
and hours of mathematics related professional development over the past two years by 
the participants.  The coded subgroup data is used to calculate the median participant 
response for each survey statement for each subgroup for the following factors:  
participant attitudes following the adoption of the PA Core standards, participant 
instructional practices, participant preparation and understanding of the content standards 
and pedagogical content standards.  The descriptive professional development data is 
analyzed as aggregate frequency data.  The transcription from the focus group interviews 
is analyzed by synthesizing all of the coded data around the themes for each research 
question.  The lesson plan rubric data is combined, and mean scores for each rubric 
category are calculated.  The mean rubric category scores are reported independently as 
they relate to the given research questions. 
Findings 
 This section presents all of the data that was gathered throughout the study.  The 
quantitative survey data is initially presented as aggregate data for each survey question 
for the sample of 14 participants.  The survey data is also disaggregated to compare the 
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data in three distinct ways: by the grade levels taught by the participants, by the total 
number of years taught by the participants, and by the total number of mathematics 
related professional development hours of the participants over the past two years.  The 
qualitative data is presented from the focus group interviews, and the lesson plan analysis 
presents the data in conjunction with the rubric scores (Appendix E).     
Survey Data 
 Demographic data.  The first eight questions of the survey (Appendix C), and 
question 17, provide the demographic data about the 14 participants in the case study.  
Question 1 found that 28.6% of the participants in the study were males and 71.4% were 
females.  Question 2 asked the participants to indicate the grade level they are currently.  
There were no participants from kindergarten through grade two.  Four teachers 
represented third grade, three teachers represented fourth grade, and six teachers 
represented fifth grade.  One participant teaches multiple grade levels with part of her 
responsibilities focusing on instructional coaching in the elementary mathematics 
classroom.  Questions 3-5, as seen in Table 4, provide the total number of years taught by 
each participant, the total number of years that each participant has taught their current 
grade level, and the total number of years that each participant has taught mathematics at 
the elementary level.  Questions 6-8 in Table 4 provide information about the 
participants’ highest levels of educational attainment, undergraduate primary area(s) of 
study, and post-graduate primary area(s) of study.  Question 17 provides the estimated 
number of hours of professional development related to mathematics for each participant 
over the past two years. The percentage of participants who reported receiving less than 
six hours of professional learning in mathematics was 35.7%, and 28.6% of the 
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participants reported receiving 6-15 hours of professional development in mathematics.  
One participant (7.1%) received 16-34 hours of professional development, and the 
remaining 28.6% participated in more than 35 hours of math related professional 
development over the past two years.  Table 2 presents the frequency data that was 
collected for all nine of the demographic items. 
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Table 4. 
 Participant Survey Demographic Data for a sample of elementary mathematics teachers 
(n=14). 
Frequency Data Frequency Percent  
Gender    
Female 10 71.4  
Male 4 28.6  
    
Grade Level Taught     
Grade 3 4 28.6  
Grade 4 3 21.4  
Grade 5 6 42.9  
Skipped Question* 1 7.1  
    
Ranges of Years 
Total Years of Teaching Years in Current Grade Level Years Teaching Elem. Math 
Frequency Percent Frequency Percent Frequency Percent 
1-3 0 0.0 3 21.4 2 14.3 
4-7 3 21.4 4 28.6 1 7.1 
8-10 2 14.3 0 0.0 2 14.3 
11-14 2 14.3 1 7.1 2 14.3 
15-19 2 14.3 2 14.3 2 14.3 
20-24 1 7.1 1 7.1 1 7.1 
25-29 3 21.4 3 21.4 3 21.4 
30 or more 1 7.1 0 0.0 1 7.1 
       
Degrees Frequency Percent  
Bachelor’s 0 0.0  
Bachelor’s Plus 3 21.4  
Master’s 1 7.1  
Master’s Plus 10 71.4  
Doctorate 0 0.0  
    
Undergraduate Major**    
Early Childhood 2 14.3  
Elementary 12 85.7  
Secondary 0 0.0  
Mathematics 2 14.3  
Science 0 0.0  
English Language Arts 0 0.0  
Special Education 5 35.7  
Other 2 2  
    
Post-Grad Major**    
Early Childhood 0 0.0  
Elementary 6 42.9  
Secondary 0 0.0  
Mathematics 0 0.0  
Science 0 0.0  
Reading 2 14.3  
Special Education 0 0.0  
Educational Leadership 5 35.7  
Instructional Technology 1 7.1  
STEM 0 0.0  
Other 2 14.3  
    
Hours of Prof. Development    
None 0 0.0  
Less than 6 5 35.7  
6-15 4 28.6  
16-35 1 7.1  
More than 35 4 28.6  
Data source:  Participant Survey, 2017  *Teaches multiple grade levels; **Dual Majors 
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 Attitudes.  Participants’ attitudes about teaching with the PA Core Standards in 
Mathematics were collected in survey questions 9-12.  Question 9 asked the participants 
to report on general teaching attitude statements based on their perspectives over the past 
six months to provide data that was focused on participants current attitudes since the 
adoption of the PA Core Standards in Mathematics.  All of the participants indicated that 
over the past 6 months they “often” or “very often” felt that the statement “I am proud of 
the work that I do” applied to them, and 85.7% of the participants indicated that they 
“often” or “very often” indicated the following statements applied to them:  I am content 
with my profession as a teacher, I find my work full of meaning and purpose, and I am 
enthusiastic about my job.  Table 5 presents the frequency of responses for question 9. 
 
Table 5. 
Participant survey teaching attitudes in the past six months for a sample of elementary 
mathematics teachers (n=14). 
Data source:  Participant Survey, 2017   
 
Mathematics related statements, including items directly asking about the PA 
Core Standards, were presented in Likert-scale survey items ten and eleven.  All 14 of the 
participants agreed or strongly agreed with the statements that they enjoy teaching 
Attitude Statement Very Often Often Sometimes Never or Almost Never 
I am content with my profession as a 
teacher. 
2 10 2 0 
I am satisfied with being a teacher at this 
school. 
7 6 1 0 
I find my work full of meaning and 
purpose. 
6 6 2 0 
I am enthusiastic about my job. 4 8 2 0 
My work inspires me. 3 7 4 0 
I am proud of the work that I do. 6 8 0 0 
I am going to continue teaching for as 
long as I can. 
3 4 5 2 
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mathematics, and that they enjoy mathematics.  Eleven of the participants agreed that 
they have a general understanding of the best ways to teach the math curriculum for their 
grade level, and nine of the participants agreed that they understand the breadth and depth 
of the PA Core Math Standards.  In question eleven, all 14 participants disagreed or 
strongly disagreed with the statements that they were never good at mathematics, and 
they are uneasy when thinking about teaching mathematics.  Thirteen of the participants 
agreed or strongly agreed that they have too much material to cover in math class, and 
that they have students who lack prerequisite knowledge or skills.  Table 6 presents the 
frequency distributions for the responses to items ten and eleven. 
  
Table 6. 
Participant survey extent of agreement with statements related to teaching PA Core 
Mathematics for a sample of elementary mathematics teachers (n=14). 
Data source:  Participant Survey, 2017   
Math Attitude Statement Strongly Agree Agree Disagree 
Strongly 
Disagree 
I enjoy teaching mathematics. 9 5 0 0 
I enjoy mathematics. 7 7 0 0 
I have enough time to prepare to teach 
math class. 
1 4 9 0 
I have a general understanding of the best 
ways to teach the math curriculum for my 
grade level. 
2 11 1 0 
I understand the breadth and depth of the 
PA Core Math Standards. 
1 9 3 1 
     
I have too much material to cover in math 
class. 
5 8 1 0 
I was never good at mathematics. 0 0 9 5 
I have students who lack prerequisite 
knowledge or skills. 
9 4 1 0 
I feel uneasy when I think about teaching 
mathematics. 
0 0 9 5 
I often remind my students that a lot of 
math may not be fun or interesting, but it 
is important to learn it anyway. 
0 3 7 4 
I have difficulty keeping up with all of the 
curriculum changes. 
1 6 6 1 
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Item 12 asked the participants to consider their confidence levels with math 
teaching strategies based on the PA Core Standards.  Showing students a variety of 
problem solving strategies received the largest number of “high” responses with 64.3% of 
the participants indicating a high level of confidence.  The largest number of “medium” 
responses was indicated for the statement:  providing challenging tasks for the highest 
achieving students with 85.7% of participants expressing “medium” confidence.  The 
statement, inspiring students to learn mathematics, received “medium” confidence by 
78.6% of the participants.  The frequency table in Table 7 below shows the number of 
teachers who rated their confidence very high, high, medium or low for each given 
strategy. 
 
Table 7. 
Participant survey comfort level with PA Core Math related teaching strategies for a 
sample of elementary mathematics teachers (n=14). 
Data source:  Participant Survey, 2017   
  
PA Core Related Teaching Strategy Very High High Medium Low 
Inspiring students to learn mathematics 1 2 11 0 
Showing students a variety of problem 
solving strategies 
0 9 5 0 
Providing challenging tasks for the 
highest achieving students 
0 2 12 0 
Adapting my teaching to engage students' 
interest 
0 5 8 1 
Helping students appreciate the value of 
learning mathematics 
1 5 6 2 
Assessing student comprehension of 
mathematics 
0 7 7 0 
Improving the understanding of struggling 
students 
1 5 7 1 
Making mathematics relevant to students 0 6 6 2 
Developing students' higher-order 
thinking skills 
0 7 6 1 
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 PA Core Standards for Mathematics. The survey data from question 13 
presents the participants’ self-analyses of their preparedness to teach each of the PA Core 
Standards concepts that are found in the elementary standards.  The survey included all of 
the standard areas, regardless of grade level, to provide all of the self-assessed strengths 
and weaknesses of the participants.  Table 8 presents the frequency distribution for the 
participants’ indicated level of preparedness for each mathematical concept.  The first 
four concepts on the list were identified by 92.9% of the participants as being concepts 
that they were very well prepared to teach.  Those concepts were:  concepts of whole 
numbers, including place value, magnitude and ordering; adding and/or subtracting with 
whole numbers; multiplying and/or dividing with whole numbers; and concepts of 
multiples and factors, odd and even numbers.  The concept of reading and representing 
data from tables, pictographs, bar graphs, or pie charts had 85.7% of the participants 
indicate they were very well prepared to teach it.  The three concepts on the list that had 
the lowest percentage of participants, 28.6%, indicate they were very well prepared to 
teach them were:  multiplying and dividing fractions, number sentences, and reflections 
and rotations.      
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Table 8. 
Participant self-assessment of preparedness to teach the PA Core Math concepts for a 
sample of elementary mathematics teachers (n=14). 
PA Core Standards for Mathematics Concepts 
from Teacher Survey 
Very Well 
Prepared 
Somewhat 
Prepared Not Well Prepared 
Concepts of whole numbers, including place value, 
magnitude and ordering 
13 1 0 
Adding and/or subtracting with whole numbers 13 1 0 
Multiplying and/or dividing with whole numbers 13 1 0 
Concepts of multiples and factors; odd and even 
numbers 
13 1 0 
Concepts of fractions (parts of a whole or a 
collection, or location on a number line) 
8 6 0 
Adding and subtracting with fractions 8 5 1 
Multiplying and dividing with fractions 4 8 2 
Comparing and ordering fractions 7 7 0 
Concepts of decimals (place value and ordering) 8 4 2 
Adding and subtracting with decimals 11 1 2 
Number sentences (finding the missing number, 
modeling simple situations with number sentences) 
4 10 0 
Number patterns (extending patterns and finding 
missing terms) 
10 4 0 
Lines (measuring and estimating length of) 10 4 0 
Parallel and Perpendicular lines 11 2 1 
Comparing and drawing angles 5 8 1 
Using informal coordinate systems to locate points 
in a plane 
10 2 2 
Properties of geometric shapes 8 6 0 
Reflections and rotations 4 7 2 
Relationships between two-dimensional and three-
dimensional shapes 
5 7 1 
Finding and estimating area, perimeter and volume 9 4 1 
Reading and representing data from tables, 
pictographs, bar graphs, or pie charts 
12 2 0 
Drawing conclusions from data displays 8 6 0 
Data source:  Participant Survey, 2017 
 
 Instructional practices.  The survey gathered participant responses related to 
instructional practices used in math classes in items 14, 15, and 16.  Each item examined 
a different approach to the instructional practices with item 14 exploring the practices 
used by the participants, item 15 exploring the practices the participants ask the students 
to use, and item 16 focused directly on the Standards for Mathematical Practice.  In item 
14, 78.6% of the participants indicated that in “every or almost every” lesson they link 
new content to students’ prior knowledge.  Asking students to explain their answers is a 
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strategy used by 71.4% of the participants in “every or almost every” lesson.  The 
strategies used by only 21.4% of the participants in every or almost every lesson are:  
relate the lesson to students’ daily lives, ask students to complete challenging exercises 
that require them to go beyond the instruction, and focus on getting the correct answer.  
None of the participants bring interesting materials to class during “every or almost 
every” lesson.  Table 9 presents the frequency data for the number of lessons that the 
participants use each teaching strategy in the classroom. 
 
Table 9. 
Participant self-assessment of how often they use the following teaching strategies for a 
sample of elementary mathematics teachers (n=14). 
Instructional Practices 
Every or 
Almost 
Every Lesson 
About Half 
of the 
Lessons 
Some 
Lessons Never 
Relate the lesson to students’ daily lives 3 10 1 0 
Ask students to explain their answers 10 2 2 0 
Bring interesting materials to class 0 5 8 1 
Ask students to complete challenging 
exercises that require them to go beyond the 
instruction 
3 7 4 0 
Encourage classroom discussions among 
students 9 1 4 0 
Focus on the process of solving the problem 8 3 3 0 
Link new content to students’ prior 
knowledge 11 2 1 0 
Ask students to decide their own problem 
solving procedures 6 5 3 0 
Encourage students to express their ideas in 
class 9 5 0 0 
Assign math problems that can be solved in 
different ways 6 7 1 0 
Integrate a variety of assessment strategies 
into the tasks and activities 4 5 5 0 
Use inquiry and questioning to get students 
to arrive at a strategy instead of giving it to 
them 
6 4 3 1 
Focus on getting the correct answer 3 7 4 0 
 Data source:  Teacher Survey 2017    
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  In question 15, the participants were asked about student practices that are 
incorporated into the classroom, and the survey found that none of the participants asked 
the students to take a test or quiz in “every or almost every” lesson.  The strategies of 
working problems with teacher guidance, and using technology to learn or reinforce 
learning were indicated as being a part of “every or almost every” lesson by 78.6% of the 
teachers.  One participant, 7.14%, asks students during “every or almost every” lesson to 
memorize rules, procedures, and facts; use manipulatives to communicate their 
mathematical ideas; and master basic math facts and operations.  Table 10 shows the 
frequency of participant responses to the amount of lessons that the students are asked to 
use various instructional practices during math class. 
 
Table 10. 
Participant self-assessment of how often they ask students to use the following strategies 
for a sample of elementary mathematics teachers (n=14). 
Instructional Practices 
Every or 
Almost 
Every Lesson 
About Half 
of the 
Lessons 
Some 
Lessons Never 
Listen to me explain new mathematics 
content 5 5 4 0 
Listen to me explain how to solve problems 6 3 5 0 
Memorize rules, procedures, and facts 1 3 9 1 
Work problems (individually or with peers) 
with my guidance 11 3 0 0 
Work problems together in the whole class 
with direct guidance from me 3 3 6 2 
Work problems (individually or with peers) 
while I am occupied by other tasks 7 2 4 1 
Take a written test or quiz 0 2 12 0 
Use manipulatives to communicate their 
mathematical ideas 1 5 7 1 
Communicate their math ideas and/or 
problem solving strategies 9 2 3 0 
Use technology to learn or reinforce 
mathematical concepts 11 1 2 0 
Master basic math facts and operations 1 2 10 1 
 Data source:  Teacher Survey 2017  
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Standards for mathematical practice.  Question 16 specifically asks 
participants to indicate the number of lessons where the students are engaged in the 
Standards for Mathematical Practice.  This question supports instructional practices while 
giving specific data related to each of the Standards for Mathematical Practice.  Make 
sense of problems and persevere in solving them, and attend to precision were the 
mathematical practices with the highest percentage of teachers, 57.1%, who have students 
engaged in them during “every or almost every” lesson.  The standard of look for and 
express regularity in repeated reasoning is embedded into lessons by 64.3% of the 
participants in about half of the lessons.  The frequency table, Table 11, shows the 
number of participants who indicated how often they engage students in each of the 
Standards for Mathematical Practice.       
 
Table 11. 
Participant self-assessment of how often they ask students to engage in the Standards for 
Mathematical Practice for a sample of elementary mathematics teachers (n=14). 
Standards for Mathematical Practice 
Every or 
almost every 
lesson 
About half the 
lessons 
Some 
lessons Never 
Make sense of problems and persevere in 
solving them. 
8 3 2 1 
Construct viable arguments and critique the 
reasoning of others. 
2 6 5 1 
Use appropriate tools strategically. 5 7 1 1 
Look for and make use of structure. 3 7 2 1 
Reason abstractly and quantitatively. 4 7 2 1 
Model with mathematics. 5 7 1 1 
Attend to precision. 8 4 1 1 
Look for and express regularity in repeated 
reasoning. 
1 9 2 2 
 Data source:  Teacher Survey 2017 
  
  
74 
Professional development.  The demographic data on hours of professional 
development received over the past two years was gathered in question 17 and presented 
earlier in these findings.  Questions 18-20 present the remaining data that was collected 
regarding professional development.  The participants selected all of the types of 
professional development that they participated in during the two-year period, and they 
were permitted to select multiple responses to capture all of the forms.  Twelve of the 
teachers indicated that they participated in sessions that were required of all elementary 
mathematics teachers in the district.  Instructional coaching was received by 8 of the 14 
participants.  Figure 2 shows the percentage of teachers who participated in each type of 
professional learning that was included in the survey.  Of the four respondents who 
selected other types of professional development, three indicated hybrid rotational model 
trainings that were focused on general instructional practices with some connections to 
mathematics.  The fourth respondent stated participation in collaborative sessions with 
the district’s elementary math coach.   
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Figure 2.  Participation in specific types of professional development for a sample of 
elementary mathematics teachers (n=14). 
Data source:  Teacher Survey 2017 
 
In conjunction with question 18, the participants were asked to rank the types of 
professional development they participated in from the most amount of time to the least 
amount of time.  The frequencies for the most time, least time, and no time were 
calculated based on the ranked individual responses of each participant.  Two participants 
only participated in school district/building required sessions, and therefore it has been 
counted as receiving the most amount of time and the least amount of time for each of 
those participants.  The data indicates that 71.4% of the participants do not spend time in 
professional learning communities, and 64.3% do not participate in peer mentoring or 
other forms of mathematics related professional development.  The variability in 
participation time by type of professional development activity is presented in Table 12. 
  
85.7%	  
42.9%	  
35.7%	  
42.9%	  
28.6%	  
57.1%	  
21.4%	  
28.6%	  0.0%	  10.0%	  20.0%	  30.0%	  40.0%	  50.0%	  60.0%	  70.0%	  80.0%	  90.0%	  
School	  district/building	  required	  sessions	  (all	  teachers	  attended)	  School	  district/building	  optional	  sessions	  (not	  all	  teachers	  attended)	  Optional	  workshops	  and	  sessions	  provided	  by	  an	  outside	  institution	  or	  agency	  Graduate	  level	  courses	  
Peer	  mentoring	  
Instructional	  coaching	  
Professional	  Learning	  Communities	  
Other	  (please	  specify)	  
  
76 
Table 12. 
Participant ranking of the amount of time spent in specific types of professional 
development for a sample of elementary mathematics teachers (n=14). 
Professional Development 
Category 
Most Time Least Time No Time 
Frequency Percent Frequency Percent Frequency Percent 
School district/building 
required sessions (all teachers 
attend) 
4* 28.6 6* 42.9 2 14.3 
School district/building 
optional sessions (not all 
teachers attend) 
2 14.3 2 14.3 6 42.9 
Optional workshops and 
sessions provided by an 
outside institution or agency 
2 14.3 0 0.0 6 42.9 
Graduate level courses 1 7.1 3 21.4 6 42.9 
Peer mentoring 1 7.1 0 0.0 9 64.3 
Instructional coaching 1 7.1 0 0.0 5 35.7 
Professional Learning 
Communities 1 7.1 0 0.0 10 71.4 
Other 2 14.3 3 21.4 9 64.3 
 Data source:  Teacher Survey 2017  *2 teachers participated in only 1 category 
 
The survey, in question 20, also sought to determine the mathematics topics 
embedded in the professional learning in which the teachers participated over the past 
two years.  Twelve of the 14 participants indicated that they had worked on mathematics 
curriculum and integrating information technology into the math classroom.  The 
professional development topics, including mathematics pedagogy and instruction, were 
embedded in the professional learning of 11 of the participants, and 10 of the participants 
indicated that mathematics resources were a part of their professional development.  
Figure 3 provides the percentage of participants who indicated that the mathematics 
related topic was included in the professional development sessions that they had 
participated in during the past two years.  
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Figure 3.  Participant indication of topics included in professional development for a 
sample of elementary mathematics teachers (n=14).   
Data source:  Teacher Survey 2017  
 
Subgroup Survey Data 
 The survey data was disaggregated to look at the responses for three different 
categories of subgroups for questions 9-16 and 18-20.  The data was reviewed based on 
the grade level taught, the total number of years of teaching experience, and the total 
number of hours of professional development over the past two years.  The data 
responses for these items were found in survey questions 2, 3 and 17.  Based on the 
responses that were received for each question, the categories were further divided to 
make three subgroups for each category.  The grade level groups were broken down by 
individual grade level, and the data was compared according to the four participants who 
taught grade three, the three participants who taught grade four, or the six participants 
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who taught grade five.  The one participant who taught multiple grades was excluded for 
this subgroup analysis since that participant’s work could not be associated to a specific 
grade level. 
The total number of years of teaching was broken into the following categories:  
4-10 years, 11-19 years, and 20 or more years.  There were no participants in the 1-3 year 
category, and that category was eliminated from consideration.  The 4-10 year subgroup 
had five participants in it.  There were four participants in the 11-19 year subgroup, and 
five participants in the 20 or more year subgroup.  The hours of mathematics related 
professional development were divided based on those who had completed less than 6 
hours, those who had completed between 6 and 35 hours, and those who had completed 
more than 35 hours.  Every participant had completed at least some professional 
development, so the response of “none” was excluded from the subgroups.  One 
participant indicated the response of 16-35 hours, and therefore this participant was 
included with those who had completed between six and 15 hours since the literature 
indicates effective professional development requires a minimum of 49 hours per year 
(Patel, Franco, Miura & Boyd, 2012). 
Grade level.  The grade level data was analyzed by looking for trends in the data 
according to the grade level groups of grade three, grade four, and grade five.  The 
analysis compared the median ratings for each statement of questions 9-16 by grade level 
to look for similarities and differences.  The findings will provide the median scores for 
each statement for each grade level.  Table 13 presents the median data for question 9.  
The statements were rated (with the numerical coding in parentheses) with Never (0), 
Sometimes (1), Often (2), and Very Often (3).  The median data by grade level indicates 
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that the grade four participants had two statements, “my work inspires me” and “I am 
going to continue teaching for as long as I can,” with ratings of “sometimes” over the 
past six months.  The median scores for all of the other statements in every grade level 
showed responses ranging between “often” and “very often” when the teachers assessed 
the frequency of their feelings about the statements provided in question 9.       
  
Table 13. 
Participant survey teaching attitudes in the past six months median scores by grade level 
for a sample of elementary mathematics teachers (n=14). 
Data source:  Participant Survey, 2017   
   
The grade level data for questions 10 and 11 presents the median score for the 
participants’ assessment of their agreement with statements about mathematics teaching 
related to the PA Core.  The participants rated their level of agreement strongly agree (3), 
agree (2), disagree (1), and strongly disagree (0), and the median presents the measure of 
central tendency.  Table 14 presents the median scores for questions 10 and 11.  Median 
scores indicating disagreement were received for the following statements:  I was never 
good at math, I feel uneasy when I think about teaching mathematics, and I often remind 
my students that a lot of math may not be fun or interesting, but it is important to learn it 
anyway.  Variability in median scores was observed for the statement “I have enough 
Attitude Statement Grade 3 Grade 4 Grade 5 
I am content with my profession as a teacher. 2 2 2 
I am satisfied with being a teacher at this 
school. 
2.5 2 3 
I find my work full of meaning and purpose. 2.5 2.5 2.5 
I am enthusiastic about my job. 2.5 2 2 
My work inspires me. 2.5 1 2 
I am proud of the work that I do. 2.5 2 2.5 
I am going to continue teaching for as long as 
I can. 
2 1 2 
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time to prepare to teach math class,” with grade 4 teachers agreeing with this statement 
while grades 3 and 5 disagreed. 
 
Table 14. 
Participant survey extent of agreement with statements related to teaching PA Core 
Mathematics median scores by grade level for a sample of elementary mathematics 
teachers (n=14). 
Data source:  Participant Survey, 2017   
 
 The participant assessment of their confidence with teaching using PA Core math 
related teaching practices was presented in survey question 12.  The median scores by 
grade level, found in Table 15, provide scores corresponding with the ratings of very high 
confidence (3), high confidence (2), medium confidence (1), and low confidence (0).  
The practices of “Inspiring students to learn mathematics,” and “Providing challenging 
tasks for the highest achieving students” had median scores of medium confidence for all 
of the grade levels.  Grade four had a median score of 2 (high confidence level) for the 
Math Attitude Statement Grade 3 Grade 4 Grade 5 
I enjoy teaching mathematics. 3 3 2.5 
I enjoy mathematics. 2.5 3 2 
I have enough time to prepare to teach math 
class. 
1 2 1 
I have a general understanding of the best ways 
to teach the math curriculum for my grade level. 
2 2 2 
I understand the breadth and depth of the PA 
Core Math Standards. 
2 2 2 
    
I have too much material to cover in math class. 2.5 2 2 
I was never good at mathematics. 0.5 1 1 
I have students who lack prerequisite knowledge 
or skills. 
3 3 2.5 
I feel uneasy when I think about teaching 
mathematics. 
1 0.5 1 
I often remind my students that a lot of math 
may not be fun or interesting, but it is important 
to learn it anyway. 
1 1 1 
I have difficulty keeping up with all of the 
curriculum changes. 
1 2 2 
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practice of “Improving the understanding of struggling students.”  The practice of 
“Showing students a variety of problem solving strategies” had a median score of 2 (high 
confidence level) for the participants from grades three and five. 
 
Table 15. 
Participant survey comfort level with PA Core Math related teaching strategies median 
scores by grade level for a sample of elementary mathematics teachers (n=14). 
Data source:  Participant Survey, 2017   
 
 The PA Core math concepts presented in survey question 13 were rated based on 
participant preparedness to teach the concepts.  The participants rated the items as: very 
well prepared (2), somewhat prepared (1), or not well prepared (0).  Many of the 
conceptual items showed no variation in preparedness by grade level, as seen in Table 16.  
Concepts of fractions had a median score for grade three of “very well prepared,” and 
grade four’s median score indicated “somewhat prepared” to teach the concept.  In 
comparison to the other grades, the grade five participants felt “very well prepared” to 
teach the following concepts:  adding and subtracting with fractions, concepts of 
decimals, using informal coordinate systems to locate points in a plane, finding and 
PA Core Related Teaching Strategy Grade 3 Grade 4 Grade 5 
Inspiring students to learn mathematics 1 1 1 
Showing students a variety of problem solving 
strategies 
2 1 2 
Providing challenging tasks for the highest 
achieving students 
1 1 1 
Adapting my teaching to engage students' 
interest 
1.5 1 1 
Helping students appreciate the value of 
learning mathematics 
1.5 1 1 
Assessing student comprehension of 
mathematics 
1.5 1 1.5 
Improving the understanding of struggling 
students 
1 2 1 
Making mathematics relevant to students 1.5 1 1.5 
Developing students' higher-order thinking 
skills 
1.5 1 1.5 
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estimating, area, volume and perimeter, and drawing conclusions from data displays.  The 
third grade teachers, in comparison to the other grades, had a median score of “very well 
prepared” for the concepts of fractions.  The fourth grade teachers were the only 
subgroup with the median score of “very well prepared” for the concepts of:  comparing 
and drawing angles, and properties of geometric shapes.  
 
Table 16. 
Participant self-assessment of preparedness to teach the PA Core Math concepts median 
scores by grade level for a sample of elementary mathematics teachers (n=14). 
PA Core Standards for Mathematics Concepts 
from Teacher Survey Grade 3 Grade 4 Grade 5 
Concepts of whole numbers, including place value, 
magnitude and ordering 
2 2 2 
Adding and/or subtracting with whole numbers 2 2 2 
Multiplying and/or dividing with whole numbers 2 2 2 
Concepts of multiples and factors; odd and even 
numbers 
2 2 2 
Concepts of fractions (parts of a whole or a 
collection, or location on a number line) 
2 1 1.5 
Adding and subtracting with fractions 1.5 1 2 
Multiplying and dividing with fractions 0.5 1 1 
Comparing and ordering fractions 1.5 1 1.5 
Concepts of decimals (place value and ordering) 0.5 1 2 
Adding and subtracting with decimals 1 2 2 
Number sentences (finding the missing number, 
modeling simple situations with number sentences) 
1 1 1 
Number patterns (extending patterns and finding 
missing terms) 
2 2 1.5 
Lines (measuring and estimating length of) 2 2 2 
Parallel and Perpendicular lines 1.5 2 2 
Comparing and drawing angles 1 2 1 
Using informal coordinate systems to locate points 
in a plane 
1 1 2 
Properties of geometric shapes 1.5 2 1.5 
Reflections and rotations 0.5 1 1.5 
Relationships between two-dimensional and three-
dimensional shapes 
1.5 1.5 1 
Finding and estimating area, perimeter and volume 1.5 1 2 
Reading and representing data from tables, 
pictographs, bar graphs, or pie charts 
2 2 2 
Drawing conclusions from data displays 1.5 1 2 
Data source:  Participant Survey, 2017 
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 Survey questions 14-16 focused on PA Core mathematics instructional practices.  
Question 14 provided strategies that the teachers would use in the classroom, question 15 
provided strategies that the teachers would plan to have the students engaged in during 
math class, and question 16 presented the Standards for Mathematical practice which also 
describe student actions during math class.  For each question, the participants indicated 
the frequency that the strategies are used in their lessons:  every or almost every lesson 
(3), about half of the lessons (2), some lessons (1), and never (0).  The median scores by 
grade level for the strategies from question 14 are presented in Table 17, the strategies in 
question 15 are presented in Table 18, and the Standards for Mathematical Practice are 
presented in Table 19.   
 All of the grade levels indicated that they “link new content to students’ prior 
knowledge” with a median score of 3 (every or almost every lesson) as seen in Table 17.  
The participants from grades three and five had a median score of 3, and the grade four 
participants had a median score of 1, for the following strategies:  encourage classroom 
discussions among students, and focus on the process of solving the problem.  The 
participants from grade three had a median score of 3, while the other grade reported 
lower medians, for the concepts of: ask students to decide their own problem solving 
procedures, encourage students to express their ideas in class, assign math problems that 
can be solved in different ways, and use inquiry and questioning to get students to arrive 
at a strategy instead of giving it to them.  Grade three participants had a median score of 
3 (every or almost every lesson) in 8 out of 13 strategies, grade four participants had a 
median score of 3 in 1 out of 13 strategies, and grade five participants had a median score 
of 3 in 4 out of 13 strategies. 
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 Table 18 provides the median scores for the 11 student-centered strategies.  All of 
the grade levels had median scores of 1 (some lessons) for the strategies of:  memorize 
rules, procedures and facts; take a written test or quiz; and master basic math facts and 
operations.  Similarly, all of the grade levels had median scores of 3 (every or almost 
every lesson) for the strategies of:  work problems (individually or with peers) with my 
guidance; and use technology to learn or reinforce mathematical concepts.  Participants 
from grades three and five had a median score of 3 for “communicate their math ideas 
and/or problem solving strategies, while grade four reported less frequent use.  Grade 
four had a median score of 3 for “listen to me explain new mathematics content,” and 
“listen to me explain how to solve problems,” while the other grades reported less 
frequent use. 
 The Standards for Mathematical Practice did not show significant variability by 
grade level.  A median score of 3 (every or almost every lesson) was indicated by grade 
three for 3 of the 8 mathematical practices, by grade five for 1 of the 8 mathematical 
practices, and by grade four for none of the 8 mathematical practices.  A median score of 
1 (some lessons) was given to the practices of:  look for and make use of structure (grade 
three); and construct viable arguments and critique the reasoning of others (grades three 
and four).  Table 19 provides the median scores for all eight practices showing the range 
of median scores between 1 and 3.   
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Table 17. 
Participant self-assessment of how often they use the following teaching strategies 
median scores by grade level for a sample of elementary mathematics teachers (n=14). 
Instructional Practices Grade 3 Grade 4 Grade 5 
Relate the lesson to students’ daily lives 2.5 2 2 
Ask students to explain their answers 3 2 3 
Bring interesting materials to class 1.5 1 1 
Ask students to complete challenging exercises that 
require them to go beyond the instruction 2.5 1 2 
Encourage classroom discussions among students 3 1 3 
Focus on the process of solving the problem 3 1 3 
Link new content to students’ prior knowledge 3 3 3 
Ask students to decide their own problem solving 
procedures 3 1 2 
Encourage students to express their ideas in class 3 2 2.5 
Assign math problems that can be solved in different 
ways 3 2 2 
Integrate a variety of assessment strategies into the 
tasks and activities 2.5 1 2 
Use inquiry and questioning to get students to 
arrive at a strategy instead of giving it to them 3 1 2 
Focus on getting the correct answer 2.5 2 1.5 
 Data source:  Teacher Survey 2017 
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Table 18. 
Participant self-assessment of how often they ask students to use the following strategies 
median scores by grade level for a sample of elementary mathematics teachers (n=14). 
Instructional Practices Grade 3 Grade 4 Grade 5 
Listen to me explain new mathematics content 1.5 3 2 
Listen to me explain how to solve problems 1 3 2 
Memorize rules, procedures, and facts 1 1 1 
Work problems (individually or with peers) with my 
guidance 3 3 3 
Work problems together in the whole class with 
direct guidance from me 1.5 2 1 
Work problems (individually or with peers) while I 
am occupied by other tasks 2 1 3 
Take a written test or quiz 1 1 1 
Use manipulatives to communicate their 
mathematical ideas 2 1 1 
Communicate their math ideas and/or problem 
solving strategies 3 1 3 
Use technology to learn or reinforce mathematical 
concepts 3 3 3 
Master basic math facts and operations 1 1 1 
 Data source:  Teacher Survey 2017 
 
Table 19. 
Participant self-assessment of how often they ask students to engage in the Standards for 
Mathematical Practice median scores by grade level for a sample of elementary 
mathematics teachers (n=14). 
Standards for Mathematical Practice Grade 3 Grade 4 Grade 5 
Make sense of problems and persevere in 
solving them. 
3 2 3 
Construct viable arguments and critique the 
reasoning of others. 
1 1 2 
Use appropriate tools strategically. 2 2 2 
Look for and make use of structure. 1 2 2 
Reason abstractly and quantitatively. 2 2 2 
Model with mathematics. 3 2 2 
Attend to precision. 3 2 2.5 
Look for and express regularity in repeated 
reasoning. 
2 2 2 
 Data source:  Teacher Survey 2017 
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Years of teaching experience.  The years of teaching experience data was 
analyzed by looking for trends in the data according to the years of teaching experience 
groups of 4-10 years experience, 11-19 years of teaching experience, and 20 or more 
years of teaching experience.  The analysis compared the median ratings for each 
statement of questions 9-16 by the years of teaching experience categories to look for 
similarities and differences across the categories.  The findings provide the median scores 
for each statement for each category of years of teaching experience.  Table 20 presents 
the median data for question 9 showing minimal variation in median scores based on 
years of teaching experience.     
  
Table 20. 
Participant survey teaching attitudes in the past six months median scores by years of 
teaching experience for a sample of elementary mathematics teachers (n=14). 
Data source:  Participant Survey, 2017   
 
  The median scores by years of teaching experience for survey questions 10 and 11 
did not provide variability between the subgroups for 9 of the 11 statements about 
teaching PA Core mathematics.  The statement, “I have difficulty keeping up with all of 
the curriculum changes,” provided the widest spread of median scores with:  a median 
score of 2 (agree) for those with 20 or more years of experience, a median score of 1.5 
Attitude Statement 4-10 years 11-19 years 20 or more years 
I am content with my profession as a teacher. 2 2.5 2 
I am satisfied with being a teacher at this 
school. 
2 3 2 
I find my work full of meaning and purpose. 2 3 2 
I am enthusiastic about my job. 2 3 2 
My work inspires me. 2 3 2 
I am proud of the work that I do. 2 2.5 3 
I am going to continue teaching for as long as I 
can. 
2 3 1 
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(between agree and disagree) for those with 11-19 years of experience, and a median 
score of 1 (disagree) for those with 4-10 years of experience.  The statement, “I 
understand the breadth and depth of the PA Core Math Standards,” had the teachers with 
11-19 years and 20 or more years indicate they agreed with the statement, while the 
teachers with 4-10 years disagreed with the statement.  Table 21 provides the median 
scores for each subgroup based on years of teaching experience for survey questions 10 
and 11.   
 
Table 21. 
Participant survey extent of agreement with statements related to teaching PA Core 
Mathematics median scores by years of teaching experience for a sample of elementary 
mathematics teachers (n=14). 
Data source:  Participant Survey, 2017   
  
Math Attitude Statement 4-10 years 11-19 years 20 or more years 
I enjoy teaching mathematics. 2 3 3 
I enjoy mathematics. 2 2.5 3 
I have enough time to prepare to teach math 
class. 
1 1.5 1 
I have a general understanding of the best 
ways to teach the math curriculum for my 
grade level. 
2 2 2 
I understand the breadth and depth of the PA 
Core Math Standards. 
1 2 2 
    
I have too much material to cover in math 
class. 
2 2 2 
I was never good at mathematics. 1 1 0 
I have students who lack prerequisite 
knowledge or skills. 
3 2.5 3 
I feel uneasy when I think about teaching 
mathematics. 
1 1 0 
I often remind my students that a lot of math 
may not be fun or interesting, but it is 
important to learn it anyway. 
1 1 1 
I have difficulty keeping up with all of the 
curriculum changes. 
1 1.5 2 
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 The confidence related to teaching specific PA Core related strategies was the 
highest for those teachers who have taught 20 or more years.  For 8 of the 9 strategies 
surveyed, the participants with 20 or more years of teaching experience had a median 
score of 2 (high confidence).  The strategy that contained a median score of 1 (medium 
confidence) for the teachers with 20 or more years of teaching experience, “providing 
challenging tasks for the highest achieving students,” received the same median score for 
the other two subgroups.  The teachers with 4-10 years of experience had a median score 
of 2 (high confidence) for the statements:  showing students a variety of problem solving 
strategies, and developing students’ higher-order thinking skills.  All other median scores 
for the subgroups were a 1 or 1.5 (medium confidence), as seen in Table 22.    
 
Table 22. 
Participant survey comfort level with PA Core Math related teaching strategies median 
scores by years of teaching experience for a sample of elementary mathematics teachers 
(n=14). 
Data source:  Participant Survey, 2017   
 
PA Core Related Teaching Strategy 4-10 years 11-19 years 20 or more years 
Inspiring students to learn mathematics 1 1 2 
Showing students a variety of problem solving 
strategies 
2 1 2 
Providing challenging tasks for the highest 
achieving students 
1 1 1 
Adapting my teaching to engage students' 
interest 
1 1 2 
Helping students appreciate the value of 
learning mathematics 
1 1.5 2 
Assessing student comprehension of 
mathematics 
1 1 2 
Improving the understanding of struggling 
students 
1 1 2 
Making mathematics relevant to students 1 1 2 
Developing students' higher-order thinking 
skills 
2 1 2 
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 Table 23 provides the median scores for the years of teaching experience 
subgroups.  Those participants who have taught for 20 or more years had median scores 
of 2 (very well prepared) for 16 of 22 PA Core Math concepts, those with 11-19 years of 
experience had median scores of 2 for 17 of 22 PA Core Math concepts, and those with 
4-10 years of experience had median scores of 2 for 12 of 22 PA Core Math concepts.  
The concepts of fractions received a median score of 2 for the teachers with 4-10 and 11-
19 years of experience, while the teachers with 20 or more years of experience gave it a 
median score of 1 (somewhat prepared).  Conversely, the concepts of “adding and 
subtracting fractions,” and “ comparing and ordering fractions” received a median score 
of 2 by the participants in the 11-19 year and 20 or more year subgroups, and the 4-10 
year subgroup gave it a score of 1.  All of the variations in median scores by years of 
experience are provided in Table 23. 
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Table 23. 
Participant self-assessment of preparedness to teach the PA Core Math concepts median 
scores by years of teaching experience for a sample of elementary mathematics teachers 
(n=14). 
PA Core Standards for Mathematics Concepts from 
Teacher Survey 4-10 years 11-19 years 
20 or more 
years 
Concepts of whole numbers, including place value, 
magnitude and ordering 
2 2 2 
Adding and/or subtracting with whole numbers 2 2 2 
Multiplying and/or dividing with whole numbers 2 2 2 
Concepts of multiples and factors; odd and even 
numbers 
2 2 2 
Concepts of fractions (parts of a whole or a collection, 
or location on a number line) 
2 2 1 
Adding and subtracting with fractions 1 2 2 
Multiplying and dividing with fractions 1 1.5 1 
Comparing and ordering fractions 1 2 2 
Concepts of decimals (place value and ordering) 2 1.5 2 
Adding and subtracting with decimals 2 2 2 
Number sentences (finding the missing number, 
modeling simple situations with number sentences) 
1 1.5 1 
Number patterns (extending patterns and finding 
missing terms) 
1 2 2 
Lines (measuring and estimating length of) 2 2 2 
Parallel and Perpendicular lines 2 2 2 
Comparing and drawing angles 1 1.5 2 
Using informal coordinate systems to locate points in a 
plane 
2 2 1 
Properties of geometric shapes 1 2 2 
Reflections and rotations 1 1 1 
Relationships between two-dimensional and three-
dimensional shapes 
1 2 1 
Finding and estimating area, perimeter and volume 2 2 2 
Reading and representing data from tables, pictographs, 
bar graphs, or pie charts 
2 2 2 
Drawing conclusions from data displays 1 2 2 
Data source:  Participant Survey, 2017 
 The mathematics related instructional practices that were surveyed in questions 
14-16 showed minimal variation by years of experience subgroup.  For question 14, the 
strategy of “bring interesting materials to class” received a median score of 1 (some 
lessons) by all of the years of experience subgroups.  All of the subgroups gave a score of 
3 (every or almost every lesson) to the following strategies:  ask students to explain their 
answers; and link new content to students’ prior knowledge.  Table 24 provides the 
median scores for each strategy by years of teaching experience subgroup.  
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 The median scores by years of teaching experience subgroups for mathematics 
related instructional strategies planned for students (survey question 15) are presented in 
Table 25.  The strategy of “working problems while I am occupied by other tasks” 
received a median score of 3 (every or almost every lesson) from the participants with 4-
10 years of teaching experience, a median score of 2.5 from the participants with 11-19 
years of teaching experience, and a median score of 1 (some lessons) from the 
participants with 20 or more years of teaching experience.  A median score of 3 was 
received by all subgroups for the following strategies:  work problems (individually or 
with peers) with my guidance; and use technology to learn or reinforce mathematical 
concepts.  All of the subgroups gave a median score of 1 to the following strategies:  take 
a written test or quiz, and master basic math facts and operations. 
 The subgroup data for the Standards of Mathematical Practice is presented in 
Table 26.  The participants with 4-10 years of experience gave all eight strategies a 
median score of 2 (about half of the lessons).  The participants with 20 or more years of 
experience had a median score of 3 (every or almost every lesson) for 3 of the 8 
strategies:  make sense of problems and persevere in solving them; reason abstractly and 
quantitatively; and attend to precision.  The participants with 11-19 years of experience 
had median scores ranging from 1 to 3 for the 8 standards.  The median score of 1 (some 
of the lessons) was designated for the practice of “construct viable arguments and critique 
the reasoning of others.”  The median score of 3 was designated for the practices of: 
make sense of problems and persevere in solving them, and attend to precision.  The 
remaining practices had varying median scores for the 11-19 years of experience 
subgroup. 
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Table 24. 
Participant self-assessment of how often they use the following teaching strategies 
median scores by years of teaching experience for a sample of elementary mathematics 
teachers (n=14). 
Instructional Practices 4-10 years 11-19 years 20 or more years 
Relate the lesson to students’ daily lives 2 2.5 2 
Ask students to explain their answers 3 3 3 
Bring interesting materials to class 1 1 1 
Ask students to complete challenging exercises that 
require them to go beyond the instruction 2 2.5 2 
Encourage classroom discussions among students 3 2 3 
Focus on the process of solving the problem 3 2 3 
Link new content to students’ prior knowledge 3 3 3 
Ask students to decide their own problem solving 
procedures 2 2.5 3 
Encourage students to express their ideas in class 3 2.5 3 
Assign math problems that can be solved in different 
ways 2 2.5 2 
Integrate a variety of assessment strategies into the tasks 
and activities 2 1.5 3 
Use inquiry and questioning to get students to arrive at 
a strategy instead of giving it to them 2 2.5 2 
Focus on getting the correct answer 2 2 2 
 Data source:  Teacher Survey 2017 
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Table 25. 
Participant self-assessment of how often they ask students to use the following strategies 
median scores by years of teaching experience for a sample of elementary mathematics 
teachers (n=14). 
Instructional Practices 4-10 years 11-19 years 20 or more years 
Listen to me explain new mathematics content 2 2 3 
Listen to me explain how to solve problems 2 3 2 
Memorize rules, procedures, and facts 1 1.5 1 
Work problems (individually or with peers) with my 
guidance 3 3 3 
Work problems together in the whole class with direct 
guidance from me 1 1.5 1 
Work problems (individually or with peers) while I am 
occupied by other tasks 3 2.5 1 
Take a written test or quiz 1 1 1 
Use manipulatives to communicate their mathematical 
ideas 1 1.5 1 
Communicate their math ideas and/or problem solving 
strategies 3 2.5 3 
Use technology to learn or reinforce mathematical 
concepts 3 3 3 
Master basic math facts and operations 1 1 1 
 Data source:  Teacher Survey 2017 
 
Table 26. 
Participant self-assessment of how often they ask students to engage in the Standards for 
Mathematical Practice median scores by years of teaching experience for a sample of 
elementary mathematics teachers (n=14). 
Standards for Mathematical Practice 4-10 years 11-19 years 20 or more years 
Make sense of problems and persevere in solving 
them. 
2 3 3 
Construct viable arguments and critique the 
reasoning of others. 
2 1 2 
Use appropriate tools strategically. 2 2 2 
Look for and make use of structure. 2 1.5 2 
Reason abstractly and quantitatively. 2 2 3 
Model with mathematics. 2 2.5 2 
Attend to precision. 2 3 3 
Look for and express regularity in repeated 
reasoning. 
2 2.5 2 
 Data source:  Teacher Survey 2017 
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Hours of professional development.  The hours of participation in mathematics 
related professional development data was analyzed by looking for trends in the data 
according to the hours of professional development groups of less than 6 hours, between 
16-35 hours, and more than 35 hours.  The analysis compared the median ratings for each 
statement of questions 9-16 based on the hours of mathematics related professional 
development in the past two years to look for similarities and differences across the 
categories.  The findings will provide the median scores for each statement for each 
category of professional development hours.  Table 27 presents the median data for 
question 9.     
 
 Table 27. 
Participant survey teaching attitudes in the past six months median scores by hours of 
professional development for a sample of elementary mathematics teachers (n=14). 
Data source:  Participant Survey, 2017   
  
 The median data of the subgroups for hours of mathematics related professional 
development were reported for each statement related to teaching PA Core Mathematics 
found in survey questions 10 and 11.  The median scores indicated that participants of 6-
35 hours of professional development had a score of 2 (agree) for the statement “I have 
enough time to prepare to teach math class,” but those who participated in more than 35 
Attitude Statement Less than 6 hours 6-35 hours 
More than 35 
hours 
I am content with my profession as a teacher. 2 2 2 
I am satisfied with being a teacher at this 
school. 
3 2 2.5 
I find my work full of meaning and purpose. 2 2 2.5 
I am enthusiastic about my job. 2 2 2 
My work inspires me. 2 2 2 
I am proud of the work that I do. 3 2 2 
I am going to continue teaching for as long as I 
can. 
1 2 1 
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hours or less than 6 hours had a median score of 1 (disagree) for the same statement.  The 
participants of more than 35 hours of professional development had a median score of 1 
for the statement “I have difficulty keeping up with all of the curriculum changes,” and 
the participants in the other two categories had a median score of 2 for the same 
statement.  All subgroup categories of hours of math related professional development 
had the same median scores for the following statements:  I enjoy teaching mathematics 
(strongly agree); I have a general understanding of the best ways to teach the math 
curriculum for my grade level (agree); and I understand the breadth and depth of the PA 
Core Math Standards (agree).  Table 28 presents all of the median scores by hours of 
mathematics related professional development for the statements in survey questions 10 
and 11. 
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Table 28. 
Participant survey extent of agreement with statements related to teaching PA Core 
Mathematics median scores by hours of professional development for a sample of 
elementary mathematics teachers (n=14). 
Data source:  Participant Survey, 2017   
 
 The participants of less than six hours of mathematics related professional 
development had a median score of 1 (medium confidence) with all of the PA Core Math 
related teaching strategies from survey question 12.  The participants of 6-35 hours had a 
median score of 2 (high confidence for the following strategies:  showing students a 
variety of problem solving strategies, helping students appreciate the value of learning 
mathematics, and assessing student comprehension of mathematics.  The participants of 
more than 35 hours of mathematics related professional development had median scores 
of 2 (high confidence) with the following strategies:  showing students a variety of 
problem solving strategies, adapting my teaching to engage students’ interest, making 
Math Attitude Statement Less than 6 hours 6-35 hours 
More than 35 
hours 
I enjoy teaching mathematics. 3 3 3 
I enjoy mathematics. 3 3 2 
I have enough time to prepare to teach math 
class. 
1 2 1 
I have a general understanding of the best ways 
to teach the math curriculum for my grade 
level. 
2 2 2 
I understand the breadth and depth of the PA 
Core Math Standards. 
2 2 2 
    
I have too much material to cover in math 
class. 
3 2 2 
I was never good at mathematics. 1 1 0 
I have students who lack prerequisite 
knowledge or skills. 
3 2 2.5 
I feel uneasy when I think about teaching 
mathematics. 
1 1 0.5 
I often remind my students that a lot of math 
may not be fun or interesting, but it is 
important to learn it anyway. 
1 1 0.5 
I have difficulty keeping up with all of the 
curriculum changes. 
2 2 1 
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mathematics relevant to students, and developing students’ higher-order thinking skills.  
The median scores by subgroup for each strategy from survey question 12 are presented 
in Table 29. 
 
Table 29. 
Participant survey comfort level with PA Core Math related teaching strategies median 
scores by hours of professional development for a sample of elementary mathematics 
teachers (n=14). 
Data source:  Participant Survey, 2017   
 
 The medians for each PA Core math concept were calculated based on the 
mathematics related professional development subgroups, and reported in Table 30.  The 
subgroups of 6-35 hours and more than 35 hours reported a median of 2 (very well 
prepared), while the less than 6 hours subgroup reported a median of 1 (somewhat 
prepared), for the following concepts:  concepts of fractions; adding and subtracting 
fractions; finding and estimating area, perimeter and volume; and drawing conclusions 
from data displays.  The subgroup of more than 35 hours reported a median of 2, while 
the subgroups of less than 6 hours and 6-35 hours reported a median of 1, for the 
PA Core Related Teaching Strategy Less than 6 hours 6-35 hours 
More than 35 
hours 
Inspiring students to learn mathematics 1 1 1 
Showing students a variety of problem solving 
strategies 
1 2 2 
Providing challenging tasks for the highest 
achieving students 
1 1 1.5 
Adapting my teaching to engage students' 
interest 
1 1 2 
Helping students appreciate the value of 
learning mathematics 
1 2 1.5 
Assessing student comprehension of 
mathematics 
1 2 1.5 
Improving the understanding of struggling 
students 
1 1 1.5 
Making mathematics relevant to students 1 1 2 
Developing students' higher-order thinking 
skills 
1 1 2 
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following concepts:  comparing and ordering fractions, and number sentences.  Ten of the 
22 concepts had the same reported median of 2 (very well prepared) for each subgroup, 
as can be seen in Table 30. 
 
Table 30. 
Participant self-assessment of preparedness to teach the PA Core Math concepts median 
scores by hours of professional development for a sample of elementary mathematics 
teachers (n=14). 
PA Core Standards for Mathematics Concepts from 
Teacher Survey 
Less than 6 
hours 6-35 hours 
More than 35 
hours 
Concepts of whole numbers, including place value, 
magnitude and ordering 
2 2 2 
Adding and/or subtracting with whole numbers 2 2 2 
Multiplying and/or dividing with whole numbers 2 2 2 
Concepts of multiples and factors; odd and even 
numbers 
2 2 2 
Concepts of fractions (parts of a whole or a collection, 
or location on a number line) 
1 2 2 
Adding and subtracting with fractions 1 2 2 
Multiplying and dividing with fractions 1 1 1.5 
Comparing and ordering fractions 1 1 2 
Concepts of decimals (place value and ordering) 2 1 2 
Adding and subtracting with decimals 2 2 2 
Number sentences (finding the missing number, 
modeling simple situations with number sentences) 
1 1 2 
Number patterns (extending patterns and finding 
missing terms) 
2 2 2 
Lines (measuring and estimating length of) 2 2 2 
Parallel and Perpendicular lines 2 2 2 
Comparing and drawing angles 1 1 1 
Using informal coordinate systems to locate points in a 
plane 
2 2 2 
Properties of geometric shapes 2 1 2 
Reflections and rotations 1 1 1 
Relationships between two-dimensional and three-
dimensional shapes 
1 1 1.5 
Finding and estimating area, perimeter and volume 1 2 2 
Reading and representing data from tables, pictographs, 
bar graphs, or pie charts 
2 2 2 
Drawing conclusions from data displays 1 2 2 
Data source:  Participant Survey, 2017 
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 The mathematics related professional development subgroup data for survey 
questions 14-16 is reported in Tables 31, 32 and 33.  The instructional practices from 
survey question 14 presented minor changes in median scores between the subgroups.  
The strategy of “encourage classroom discussions among students” had a median score of 
2 (about half the lessons) for those who participated in less than 6 hours of professional 
development, and a median score of 3 (every or almost every lesson) for those who 
participated in 6-35 hours and more than 35 hours of professional development.  A 
median score of 2 was reported by those who participated in less than 6 hours and 6-35 
hours, while a median score of 3 was reported by those who participated in more than 35 
hours, for the practice of “assign math problems that can be solved in different ways.”  
The median scores by subgroup were all the same, median of 1 (some lessons), for the 
practice of “bring interesting materials to class.”  The median scores were also all the 
same, median of 3 (every or almost every lesson), for the practice of “link new content to 
students’ prior knowledge.”  The median scores for all of the practices from survey 
question 14 are presented in Table 31. 
 Table 32 presents the median scores by professional development subgroup for 
the instructional practices planned for students.  The strategy “work problems together in 
the whole class with direct guidance from me” had a median score of 2 (about half the 
lessons) for the less than 6 hours and 6-35 hours subgroups, while the more than 35 hours 
subgroup had a median score of 1 (some lessons) for the same strategy.  The strategy 
“work problems while I am occupied by other tasks” had a median score of 1 for those 
who participated less than 6 hours, a median score of 2 for those who participated in 6-35 
hours, and a median score of 3 (every or almost every lesson) for those who participate in 
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more than 35 hours.  The median scores were the same for all subgroups for the 
following strategies:  work problems with my guidance (median of 3), take a written test 
or quiz (median of 1), use technology to learn or reinforce mathematical concepts 
(median of 3), and master basic math facts and operations (median of 1). 
 The mathematics related professional development subgroups’ median scores for 
the use of the Standards for Mathematical Practice are reported in Table 33.   The 
participants of more than 35 hours of professional development reported median scores of 
2.5 or 3 (every or almost every lesson) for 7 of the 8 mathematical practices.  Those who 
participated in 6-35 hours and less than 6 hours of mathematics related professional 
development reported a median score of 2 (about half of the lessons) for 7 of the 8 
mathematical practices.  The practice of “look for and express regularity in repeated 
reasoning” had a median score of 2 for all of the subgroups. 
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Table 31. 
Participant self-assessment of how often they use the following teaching strategies 
median scores by hours of professional development for a sample of elementary 
mathematics teachers (n=14). 
Instructional Practices Less than 6 hours 6-35 hours 
More than 35 
hours 
Relate the lesson to students’ daily lives 2 2 2.5 
Ask students to explain their answers 3 2 3 
Bring interesting materials to class 1 1 1 
Ask students to complete challenging exercises that 
require them to go beyond the instruction 2 2 2.5 
Encourage classroom discussions among students 2 3 3 
Focus on the process of solving the problem 3 2 3 
Link new content to students’ prior knowledge 3 3 3 
Ask students to decide their own problem solving 
procedures 2 2 3 
Encourage students to express their ideas in class 3 2 3 
Assign math problems that can be solved in different 
ways 2 2 3 
Integrate a variety of assessment strategies into the tasks 
and activities 2 1 2.5 
Use inquiry and questioning to get students to arrive at 
a strategy instead of giving it to them 3 2 2.5 
Focus on getting the correct answer 2 2 2 
 Data source:  Teacher Survey 2017 
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Table 32. 
Participant self-assessment of how often they ask students to use the following strategies 
median scores by hours of professional development for a sample of elementary 
mathematics teachers (n=14). 
Instructional Practices Less than 6 hours 6-35 hours 
More than 35 
hours 
Listen to me explain new mathematics content 2 2 2.5 
Listen to me explain how to solve problems 1 3 2.5 
Memorize rules, procedures, and facts 1 1 1.5 
Work problems (individually or with peers) with my 
guidance 3 3 3 
Work problems together in the whole class with direct 
guidance from me 2 2 1 
Work problems (individually or with peers) while I am 
occupied by other tasks 1 2 3 
Take a written test or quiz 1 1 1 
Use manipulatives to communicate their mathematical 
ideas 2 1 2 
Communicate their math ideas and/or problem solving 
strategies 3 2 3 
Use technology to learn or reinforce mathematical 
concepts 3 3 3 
Master basic math facts and operations 1 1 1 
 Data source:  Teacher Survey 2017 
 
Table 33. 
Participant self-assessment of how often they ask students to engage in the Standards for 
Mathematical Practice median scores by hours of professional development for a sample 
of elementary mathematics teachers (n=14). 
Standards for Mathematical Practice Less than 6 hours 6-35 hours 
More than 35 
hours 
Make sense of problems and persevere in 
solving them. 
2 2 3 
Construct viable arguments and critique the 
reasoning of others. 
2 1 2.5 
Use appropriate tools strategically. 2 2 2.5 
Look for and make use of structure. 2 2 3 
Reason abstractly and quantitatively. 2 2 2.5 
Model with mathematics. 2 2 2.5 
Attend to precision. 3 2 3 
Look for and express regularity in repeated 
reasoning. 
2 2 2 
 Data source:  Teacher Survey 2017 
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Focus Group Interviews 
The focus group questions (Appendix D) were designed to provide data for each 
of the research questions as seen in Table 1.  The qualitative data from the grade level 
focus group interviews was coded and organized around the major themes that emerged 
relative to each research question.  The coded data from each interview was synthesized 
around the themes to present the findings. 
Teacher attitudes.  Three of the focus group interview questions (1, 7, and 10) 
were focused on gathering data about the current attitudes of the elementary teachers 
related to the PA Core Standards in Mathematics.  Question 1 asked the participants to 
share about their favorite parts of teaching mathematics.  All of the participants 
commented about some type of student success with a PA Core math concept that 
inspired them.  The teachers also indicated that successes from students who had 
previously struggled with a concept or many concepts were particularly inspiring.  Two 
of the participants enjoy when students successfully find and share unique ways of 
solving problems.  Other favorites when teaching math that the participants included 
were:  helping students to see multiple ways to solve a problem, listening to student 
think-alouds, helping students to become true math students, watching students apply 
concepts learned earlier in the year, and making real life connections for students.  The 
list of favorites provided a foundation for a follow-up question asking the teachers to 
explain their greatest wish for their math classes. 
 Asking the teachers to describe their wishes for mathematics instruction (question 
10) provided insight into their attitudes and struggles since the PA Core Standards were 
adopted.  Five teachers responded with a desire to have a math intervention program to 
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support students who struggle with the new grade level math concepts.  Four of the 
teachers indicated that they would wish to have students get to fifth grade with a stronger 
number sense and problem solving ability so they can handle the PA Core Standards of 
fifth grade, and three teachers said they would like to have more time during math class 
to provide a richer experience that addresses all aspects of the PA Core Standards.  Three 
different participants indicated that having a second adult in the classroom to provide 
consistent support to all students would be their greatest wish.  A few different people 
brought up items that others had not thought of, but all of the wishes received affirmation 
from the others in the group.  The individual wishes were: having a more age appropriate 
curriculum, finding ways to help parents understand why the math is being taught as it is, 
and the elimination of the state standardized tests.  
 The themes related to teacher attitudes about the PA Core that emerged when 
participants were asked to discuss the biggest challenges they face when teaching 
mathematics (question 7) focused on curriculum, varying levels of student ability, and 
general support for mathematics education.  The teachers from one of the focus group 
interviews commented about the curriculum being too broad to successfully compact it 
from August through April (when the standardized tests are given).  Those teachers 
would rather see the curriculum written from April to April with vertical articulation 
across the grade levels.  Each of the groups also identified varying student ability levels 
in math and reading as a big challenge.  The teachers feel challenged to provide 
instruction that meets the needs of all of the students since the ability levels seem to be 
more diverse in recent years.  The teachers in all of the interviews indicated that the 
district has provided a lot of reading support over the years, but the math support for 
  
106 
students has not been at the same level.  Finally, the teachers identified a challenge 
related to the school district not putting enough emphasis on mathematics education since 
the PA Core was adopted.  In addition to the support for students that the teachers had 
mentioned previously, they shared that they would like to see the district provide 
opportunities for teacher professional development in mathematics, more time for 
mathematics peer collaboration, and instructional coaching dedicated to the math 
standards and math resources. 
 Instructional practices.  The qualitative data from the focus group interviews 
provided three general themes related to the instructional practices of the teachers.  The 
teachers provided information about the resources that they use to support their 
mathematics instructions (question 9).  They shared some of the general teaching 
strategies that they currently use or would like to incorporate more often, and they also 
discussed the hybrid rotational model that many of them in grades three and five use to 
provide all of their mathematics instruction.  Across the groups, the resources that were 
presented fall into three main categories:  the new textbook series, online tools, and 
additional activities and projects.  The teachers indicated that the textbook series was new 
to the elementary teachers at the beginning of the school year.  The fifth grade team had 
been piloting it previously, but the other teachers were only beginning to use the 
resources that were included with the series.  The teachers shared that the series presents 
student misconceptions about a topic, and also provides multiple ways for students to 
solve problems.  The online resource that is used by all of the teachers is ST Math, a 
game-based instructional math program.  Additional online resources are used at the 
teacher’s discretion, and the teachers shared that fifth grade students are 1:1 with 
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Chromebooks, and the students in the other grades have devices available for classroom 
use.  The teachers in each of the groups shared a wide variety of additional resources that 
they use in the classroom, including Teachers Pay Teachers and NCTM Magazines, to 
incorporate various problem-solving exercises, activities, and collaborative projects 
related to the mathematics concepts.   
 All of the teachers said that they strive to help the students grasp the mathematical 
concepts by using a variety of additional instructional strategies.  The chart below (Figure 
4) shows the strategies that the teachers identified as ones they use regularly during math 
instruction, or the ones that they feel they could use more often. 
 
Regularly Used Strategies Strategies to Improve or Enhance 
Critical reading skills to decode problems Differentiation to support the broad skill 
level of the students 
Use of technology for presentations and to 
access resources 
Manipulatives that support all learning 
styles 
Use of manipulatives to draw pictures and 
play games 
Interventions for struggling math students 
(pull-out opportunities for math support) 
Push-in math support from Title 1 tutors  
Math Talk  
Any means necessary to get the material 
covered and help the students to understand 
the concepts 
 
White board work  
Figure 4.  Instructional strategies for elementary mathematics identified by a sample of 
elementary mathematics teachers (n=14). 
Data source:  Focus Group Interviews, 2017 
 
All of the teachers expressed a genuine desire to use instructional strategies that will help 
the students to be successful while meeting the district and state requirements related to 
mathematics standards and curriculum. 
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The hybrid rotational model was identified in each of the focus group interviews 
as an instructional strategy being used in some of the math classes.  The teachers had a 
voluntary option to receive sustained professional development related to the model, and 
to implement the model in their classrooms.  This strategy is used by all of the fifth grade 
teachers who participated in the study, none of the fourth grade teachers who participated 
in this study, and all but one of the third grade teachers who participated in the study.  
The teachers presented the general ideas about the model that calls for dividing students 
into three stations, and having them rotate to each station during the instructional time.  
The students in the direct station will work directly with the teacher, the students in the 
independent station will work independently on self-paced, online materials, and the 
students in the collaborative station will work in teams of 2-4 on projects that support 
higher order thinking skills.  The teachers shared that the hybrid model has supported 
differentiated instruction in some classrooms, and it has also helped the teachers to 
incorporate the collaborative projects that otherwise may have been left out of their 
instruction. 
 Professional development.  The questions related to professional development 
sought to provide data that could not be captured in the survey.  Question 2 asked the 
teachers to explain how often the school district provides professional development 
opportunities in math, and question 3 asked them to explain how they learn about other 
professional development opportunities in math.  The consensus from all of the 
participants was that the district has offered very little, if any, mathematics related 
professional development.  One teacher remarked that during her career as an elementary 
teacher in the district, she can only recall receiving training related to new math textbook 
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series that were provided by the publishing companies every time the district adopted a 
new series.  Another teacher estimated that 99% of the professional development has 
been related to English language arts when compared solely to mathematics professional 
development (question 5).  The teachers did acknowledge that the district previously only 
had reading specialists at the elementary level so they would not have had the expertise to 
provide professional development in mathematics.  The district added a mathematics 
specialist at the elementary level at the start of the 2016-17 school year, and the teachers 
indicated that this may start to swing the pendulum the opposite direction.  
 The teachers indicated that the professional development offerings that have been 
made available offsite have been limited in recent years.  The teachers indicated that a 
shortage of substitute teachers has impacted their ability to attend workshops and 
conferences during school hours (question 4).  One teacher recalled workshops offered at 
the local intermediate unit that provided great hands-on materials and teaching strategies 
for a variety of math topics.  To the knowledge of that teacher, those sessions have not 
been offered to the district teachers in many years.  One of the groups shared that at one 
time, a local university offered a graduate class related to elementary mathematics 
education, and it was taught at the school district.  The memories, of those who 
participated, was that while it was something they requested, the content did not meet 
their needs.  Many of the teachers indicated that they do look for ways they can improve 
their own practice.  One group of third grade teachers found an online course focusing on 
using “math talk” in the classroom.  This was a concept that the teachers had seen 
embedded in their new textbook series, and they jumped at the opportunity to better 
understand the concepts and practices associated with “math talk.”  The three teachers 
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who participated all felt that it was an outstanding course, and they would be interested in 
engaging in more opportunities like this in the future. 
 Question 8 asked the teachers to share about their collaboration with colleagues.  
The teachers shared they currently meet in grade level teams before school once per six 
day cycle to collaborate on topics specifically focused on mathematics.  They also 
indicated that they spend a portion of an inservice day before the school year starts 
meeting as a collaborative team.  The teachers indicated that they spent most of this time 
during the past year working on pacing and instructional strategies to incorporate the new 
textbook series since it did not directly align to the curriculum.  In the past, the teachers 
indicated they used the collaboration time to design projects, activities or assessments for 
students.  The teachers expressed a desire to have more time for the collaboration 
meetings so that they can take the discussions deeper.  They also shared they would like 
the sessions to not always be held before school since they are often distracted by the 
upcoming day’s planned events.  The teachers expressed that they would like to see 
cross-grade level, vertical articulation collaboration sessions occur at various times 
throughout the year so they could hear about the successes and failures that the other 
grades may be experiencing.     
   When the groups were asked how their professional learning needs related to 
mathematics instruction could be met (question 6), every teacher indicated an interest and 
desire to participate in more math focused professional development.  The teachers felt 
that gaining insights and knowledge related to specific math content and pedagogy would 
support their goals as individuals and grade level teams.  They understand the need for 
trainings on technology integration and differentiated instruction, but they would like the 
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context of those types of trainings to shift to mathematics pedagogy.  One teacher shared 
that every elementary math teacher may not have the same needs, so ideally, the 
administration would seek input from the teachers to determine what areas they would 
want to focus on for mathematics professional development.   
Another topic of conversation that came up in relationship to professional 
learning centered on instructional coaching.  At least one of the teachers in each group 
has had the opportunity to experience a sustained professional learning model related to 
the teacher’s decision to implement hybrid rotational learning in their classrooms.  The 
teachers shared that their voluntary implementation of this learning model included 
sustained professional learning that started with intensive training on the hybrid model, 
and follow-up full day professional learning sessions and instructional coaching.  The full 
day sessions allowed the teachers to focus on the pedagogy of the hybrid model, and the 
instructional coach was in the district working with the teachers nearly once a week for 
the entire school year.  One of the fifth grade teachers shared that while there was some 
hesitation about the value of instructional coaching when the hybrid instructional 
coaching started, this teacher has realized the power that instructional coaching can truly 
have on one’s instructional practice.  The teachers from the fifth grade team shared that 
they would like to see the instructional coaching aspect used specifically in conjunction 
with math instruction due to all of the changes in standards, instructional practices needed 
for the PA Core math standards, and the new textbook series.  They also shared that they 
believe the district should devote a dedicated math coach to each elementary building so 
that non-evaluative coaching relationships could be established, and support could be 
provided for both math content and pedagogy challenges. 
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 Content knowledge.  The data collected for question 11 provided information 
about the specific content areas that the teachers felt comfortable teaching.  The grade 5 
teachers indicated that the geometry concepts are the easiest to teach, and they shared that 
some of the more difficult concepts from the past were moved to a different grade level 
with the PA Core.  The grade 3 teachers said that teaching multiplication was the 
strength.  The teachers were apprehensive at the beginning of the year because they were 
concerned about the readiness of their students, but they found great success with this 
content area.  Each of the groups indicated that basic facts and operations were additional 
strengths in their instruction of the core content. 
The first challenging concept identified by each group was fractions.  A 
consensus among the groups was that the grade level required fraction concepts were 
being introduced before students were ready for them.  The third grade group indicated 
that getting students to understand part of a whole was where the challenge began, and it 
then made it more difficult to try to have students compare fractions if they could not 
understand the initial concepts.  The fifth grade teachers specifically mentioned 
multiplying and dividing fractions as conceptually challenging primarily since the 
students’ number sense was too weak.  The fourth grade teachers mentioned fractions as 
a weakness, but focused more on the required geometry concepts.  These concepts were 
identified as a weakness primarily since they do not have enough time to teach it 
thoroughly prior to the standardized test.  The third grader teachers also identified some 
of the geometry concepts as areas of concern since their students struggle with visual 
spatial representations.   
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 Pedagogical content knowledge.  The standards for mathematical practice are 
embedded in the PA Core Standards for Mathematics, and as a result all of the teachers 
indicated familiarity with the practice standards.  The data revealed that in addition to 
being aware of the standards, most of the teachers have posters hanging in their 
classrooms that reference the standards.  The teachers indicated that the mathematical 
practice standards are embedded into the textbook series being used in the classroom, but 
a teacher in each group shared that they do not have time to integrate or embed the 
practice standards into their lessons.  One of the teachers focused on the mathematical 
practices during the 2016-17 school year, and as a result the students reflected on their 
use of the mathematical practices throughout the school year. 
Lesson Plan Analysis 
The analysis was conducted by applying the rubric (Appendix E) to each lesson 
plan.  The teachers collaborate to create their lesson plans, in some cases, and therefore 
the sample size was six lesson plans.  The rubric assigned a rating of beginning 
(score=0), developing (score=1), accomplished (score=2) or exemplary (score=3) for 
each category based on the lesson plan analysis.  Eight of the rubric categories are related 
to instructional practice.  The standards aligned category is not directly related to 
instructional practices, and is seeking inclusion of the standard in the lesson plan.  The 
data related to the standard category does not support any of the research questions, and 
therefore that data point is not considered in this analysis.   
A mean rubric score of 2.3 (accomplished) was achieved for the lesson plans in 
the categories of: materials and structure, and methods.  The Standards for Mathematical 
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Practice was the only category with a mean rubric score of 0 (beginning).  Figure 5 shows 
the mean scores for each category that was analyzed using the lesson plan rubric. 
 
 Figure 5.  Mean scores for each category of the lesson plan rubric analysis for a sample 
of elementary mathematics lesson plans (n=6). 
Data source:  Participant Lesson Plans, 2017 
 
It is important to note that there was no standard form for the lesson plans, and in some 
cases the lesson plan is in the form of an agenda that can be given directly to the students.   
Results and Interpretations  
The data sets provided information about the attitudes about the PA Core 
Standards in Mathematics, instructional practices and mathematics related professional 
development of the teachers from the case study school district.  The participants 
identified the strengths and weaknesses of the mathematical content and standards, the 
climate of mathematics instruction, and the challenges that need to be addressed to move 
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mathematics education forward in the district.  The results will present the patterns and 
trends that emerged from the findings related to each of the core research questions.  The 
interpretations will provide some context and options for further consideration. 
Results 
The data gathered from the surveys, the focus group interviews, and the lesson 
plan analysis is synthesized to present a picture of the current attitudes of the elementary 
mathematics teachers about the PA Core Standards in the case study district.  The 
synthesis provides results related to the current instructional practices that are in place in 
elementary math classes, and the mathematics related professional development of the 
participants over the past two years. 
 Teacher attitudes about PA Core math.  The concepts related to fractions and 
decimals were the concepts that brought the most discussion during the focus group 
interviews, and the survey data presented similar findings.  The third grade teachers 
expressed amazement at how well the students handled all of the concepts related to the 
core operations and basic math facts, but fraction concepts were the topics identified in 
every interview as the most challenging concepts for the students.  The subgroup data 
analysis from the surveys indicated that teachers felt more prepared to teach fraction and 
decimal concepts in the higher grades than in the lower grades.  Additionally, teachers 
who had participated in more than six hours of mathematics related professional 
development over the past two years, had a median score indicating that they were very 
well prepared to teach the concepts of fractions including adding, subtracting, comparing 
and ordering fractions.  During the focus group interviews, the teachers identified a lack 
of number sense as the primary barrier to understanding the concepts of fractions.  They 
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also felt that some of the fraction concepts were being introduced too early in the PA 
Core Math Standards for the students’ development as math students. 
 The findings presented overall positive attitudes from the elementary teachers 
related to many of the aspects of mathematics instruction.  The survey data showed that 
the teachers all agreed with the statements about enjoying mathematics and enjoying 
teaching mathematics, and this will support a positive learning environment according to 
Wilkins (2010).  The teachers identified the common barriers experienced in elementary 
mathematics during the focus group interviews as: challenging standards for students; 
standardized testing before the end of the school year; lack of time to prepare lessons or 
move students to greater depths of understanding; and diverse student needs due to 
various levels of background knowledge.  The findings also presented connections 
between the attitudes of the teachers, and the years of teaching experience or number of 
hours of mathematics related professional development.  Jong and Hodges (2015) 
indicated that appropriate job-embedded experiences could change the attitudes of 
teachers, and in both cases, the more years of teaching experience or hours of 
professional development was correlated to teachers who had more positive attitudes 
relevant to teaching PA Core mathematics at the elementary level. 
 Mathematics instructional practices.  The survey data showed that the 
participants were in fact confident using many of the instructional strategies that were 
associated with strong mathematics pedagogy.  A high level of confidence corresponds to 
the use of appropriate teaching and learning strategies (Wilkins, 2010), and therefore the 
confidence scores from the survey support the wide variety of instructional practices that 
the teachers implement throughout their math instruction.  The survey data indicated that 
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the teachers use 11 of the 13 teaching strategies in question 14 at least some of the time, 
and this was supported by the focus group interviews when the teachers shared a list of 
instructional practices that they use regularly.  Additionally, the survey data indicated that 
technology was frequently integrated into the math classroom, and the resource list the 
teachers provided during the interviews included the incorporation of devices and various 
online resources.  During the focus group interviews, many of the teachers talked about 
finding ways to use hands-on manipulatives within their instructional practice.  The 
survey results did not show the use of manipulatives being that significant, but the 
teachers in each group mentioned this as a strategy.  The focus group interviews also 
brought to light additional instructional strategies that were being used in the classroom, 
like math talk and the hybrid rotational model, even though these practices did not 
surface in the survey data.  The combination of data from all of the tools indicates that the 
teachers are trying to use many different instructional strategies to meet the math needs of 
their students. 
 Mathematics related professional development.  The survey data showed that 
the majority of the mathematics related professional development was provided by the 
school district.  Additionally, the math topics that the participants indicated were included 
in the professional development covered most of the topics within the survey.  While the 
survey data looks like the participants completed a fair amount of mathematics related 
professional development within the school district, the focus group interview data 
indicated that there were limited opportunities for participation in math professional 
development.  The limited amount of sustained professional development in mathematics 
is contrary to what the literature presents to be able to have professional development 
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make a difference on the learning environment (Patel, Franco, Miura & Boyd, 2012).  
The interview data proved that sustained professional learning in Math Talk provided 
those teachers who participated with new instructional practices to implement in the 
classroom.   
 There were two contradictions between the survey data and the interview data in 
terms of professional development.  The survey data indicated that many of the teachers 
participated in instructional coaching.  The survey was intended to capture the types of 
professional learning that were related to mathematics.  However, the teachers shared 
during the interviews that the majority of their instructional coaching was related to 
implementing the hybrid rotational model.  Instructional coaching related to mathematics 
content and pedagogy has been much more limited, but the teachers would like to see it 
increase.  The survey data also indicated that the teachers did not really participate in 
Professional Learning Communities.  However, the teachers shared that they collaborate 
in grade level teams one time per cycle.  The teachers did not connect the grade level 
collaborations to Professional Learning Communities.          
Interpretations  
 The findings and results provide many pieces of information that when supported 
by the literature present possible interpretations of the synthesized data.  The literature 
indicates that attitudes will continue to increase when teachers are presented with job-
embedded professional development opportunities (Jong & Hodges, 2015).  The positive 
views held by the teachers about their current content and pedagogy knowledge in 
mathematics will allow the teachers to be open to new ideas that are presented in 
professional development sessions (Wilkins, 2010).  The goal of striving to achieve more 
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than 49 hours of sustained professional development indicates that the only way to 
accomplish this goal is to develop and provide job-embedded professional learning 
opportunities (Patel, Franco, Miura & Boyd, 2012).   
This study only asked teachers to self-assess their confidence and preparedness, 
so further study might include a math assessment administered to the teachers similar to 
the one that Thames and Ball developed (2010).  Their research indicates that teachers 
must have a strong content knowledge to diagnose student misunderstandings and 
provide alternative strategies.  An increase in teacher content knowledge can only occur 
after a true understanding of their content knowledge is determined.  Additionally, a 
deeper needs assessment could be conducted to determine the specific teacher pedagogy 
needs to design differentiated professional development opportunities for the teachers.  If 
the teachers truly do not understand the math pedagogy, then they will turn to alternative 
strategies that are more familiar.  The alternatives may lack the rigor or content needed to 
meet the demands of the PA Core Standards (Polly et al., 2013).         
Summary 
The findings, results and interpretations of the data collected during the case study 
in a small suburban school district in south central Pennsylvania provided answers to all 
of the research questions.  The survey data provided information to support the specific 
research questions that it was designed to address:  participant attitudes about the PA 
Core Standards in Mathematics, participant instructional math practices, participant math 
related professional development, and participant understanding of the PA Core math 
content and practice standards.  The survey data was examined for the entire sample of 
participants, and it was also disaggregated to compare the data based on:  grade level 
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taught by the participant, number of years of teaching experience of the participant, and 
number of math related professional development hours over the past two years.  The 
survey data was complimented by the data collected during the focus group interviews 
and the lesson plan analysis.  The focus group interviews were conducted with different 
grade level teams, and they allowed the participants to expand upon the themes presented 
in the research questions.  The lesson plan data provided one additional source of 
information about the planned instructional practices.  Collectively, the data gathered 
through all of the tools presented a complete picture of the case study district at the 
intermediate level through the lenses of:  attitudes about the PA Core Math Standards, 
mathematics instructional practices, and mathematics related professional development.  
The results and interpretations that related to the literature will form the foundation for 
the conclusions and recommendations in the next chapter. 
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Chapter 5:  Conclusions and Recommendations 
Introduction  
In 2013, the Common Core State Standards were adopted by 45 states as a 
strategy to improve the college and career readiness of the students in English Language 
Arts and Mathematics (Common Core State Standards Initiative, 2016).  Pennsylvania 
initially adopted the Common Core State Standards, and made some allowable 
modifications before officially adopting the PA Core Standards in 2014.  The 2014-15 
school year brought the officially adopted standards to classrooms across the state, and at 
the same time newly aligned standardized assessments were administered for the first 
time.  A mixed methods case study was designed to examine the current environment in 
elementary mathematics classrooms following the adoption of the PA Core Standards.  
The purpose of the study is to examine the current attitudes, instructional practices, and 
mathematics related professional development of elementary teachers. 
The case study school district is a small, suburban district located in south central 
Pennsylvania where the students have historically had high math achievement scores.  
The new standardized assessments have reset the achievement levels, and students are 
making smaller gains towards overall proficiency at the elementary level.  The data was 
collected from participants who teach elementary math in grades 3-5 through a 
quantitative survey, qualitative focus group interviews, and an artifact analysis of lesson 
plans.  The findings and results provide all of the data that was gathered and synthesized 
around the research questions that were focused on: attitudes about the PA Core Math 
Standards, mathematics instructional practices, and mathematics related professional 
development.  
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This chapter will present the answers to each of the research questions by drawing 
conclusions from the findings, results and interpretations.  The conclusions and 
recommendations of the study will inform the case study district, and other similar 
districts, regarding possible professional development opportunities and offerings that 
would support elementary teacher growth and development in the areas of mathematics 
content knowledge and mathematics pedagogy.  The results may also inform the local 
intermediate unit and colleges of education regarding the opportunities that are needed 
for elementary teachers in the field of mathematics.  The chapter will conclude with 
recommendations for further research, and comments regarding the importance of 
professional learning opportunities for teachers.  
Conclusions 
The research questions in this study were designed to provide a current 
assessment of the environment in elementary math classrooms in the case study school 
district.  The questions are focused on the themes of: teacher attitudes about the PA Core 
Standards in Mathematics, teacher instructional practices in mathematics, teacher 
professional development related to mathematics, the mathematics content standards, and 
the mathematics practice standards.  The conclusions provide answers to the research 
questions after the analysis of the findings and results. 
Teacher Attitudes about the PA Core Standards in Mathematics 
 The teachers who participated in the case study all had positive attitudes about 
teaching math, the importance of teaching math, and the standardized content that they 
were to deliver as a result of the adoption of the PA Core Standards in Mathematics.  The 
focus group interviews provided the participants with opportunities to express some of 
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their concerns or barriers to success related to the PA Core standards, and the negative 
attitudes were present when the topic of standardized testing was discussed.  The teachers 
identified the lost instructional time, and the placement of the standardized testing 
relative to the school calendar as hindrances to being able to provide instruction related to 
all of the PA Core topics prior to the administration of the assessments.  The teachers 
expressed mixed attitudes about the content in the PA Core standards being placed in the 
appropriate grade levels, with some of the content being appropriately placed and the 
concepts of fractions being taught too early in the development of the students’ math 
abilities. 
Elementary Mathematics Instructional Practices 
 The teachers who participated in the case study presented a wide variety of 
instructional practices being used in mathematics including, but not limited to: asking 
students to explain their solutions, linking new content to students’ prior knowledge, 
working problems with teacher guidance, and using technology to learn or reinforce 
mathematical concepts.  The teachers expanded upon the list of strategies that were 
included in the electronic survey by adding strategies such as: math talk and the hybrid 
rotational model.  The rotational model, used primarily by teachers in grades three and 
five, allows the teachers to implement a variety of instructional practices into each lesson 
by putting the students into the stations of direct learning, independent learning, and 
collaborative learning.  All of the teachers expressed a willingness and interest in 
continuing to enhance their instructional practices to better support the content standards 
of the PA Core, and the learning needs of their students.     
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Mathematics Related Professional Development 
 The participants have had few opportunities to participate in mathematics related 
professional development.  The school district presents the opportunities that most of the 
teachers have participated in related to mathematics, and those opportunities have 
focused primarily on the adoption and implementation of new resources.  Some of the 
teachers have been able to participate in mathematics related professional development 
provided by outside organizations through graduate classes and workshops provided by 
the local educational service agency.  The teachers have all participated in grade level 
collaboration meetings focused on mathematics instruction, but the teachers have found 
these collaboration sessions to be too short and too infrequent to make lasting impact on 
their instructional practices. 
Preparation and Understanding of Content Standards 
 The teachers’ self-assessment contained within this study showed that the teachers 
feel they are prepared to teach the concepts contained within the PA Core Standards for 
Mathematics.  The content area of numbers and operations was the strongest area of 
understanding for the teachers, and the content area of geometry and measurement 
contained the most number of teachers who expressed some concern about their full level 
of understanding of the topics.  The teachers’ self-assessments presented a number of 
concepts where all of the teachers would benefit from deepening their level of 
understanding to support student growth and the identification of student misconceptions. 
Preparation and Understanding of Pedagogical Standards 
 The teachers are all familiar with the Standards for Mathematical Practice.  The 
teachers have introduced the students to the mathematical practices, and they are able to 
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recognize when the students are engaged in some of the practices.  The depth of teacher 
understanding of the practices is unclear due to the minimal integration of the practices 
during mathematics instruction.  The teachers’ self-assessments of student engagement 
with the Standards for Mathematical Practice indicate that additional work could be done 
to increase engagement.        
Recommendations  
The problem addressed by this study was the need to understand the current 
learning environment in elementary mathematics classrooms after the adoption of the PA 
Core Standards in order to determine professional learning opportunities for teachers.  
The conclusions to the research questions paint a picture of the current learning 
environment in the case study district.  The district has elementary math teachers who are 
eager to provide appropriate mathematics learning experiences for the students, and they 
desire to continue to enhance their practice by participating in professional learning 
opportunities that will support math content and pedagogy.  The current learning 
environment in elementary mathematics may vary between school districts, but it is likely 
that the recommendations being made for this case study district could be applied to other 
school districts that have also recently adopted the PA Core standards.   
The teachers who participated in this study presented positive attitudes about the 
PA Core Standards in Mathematics, and they are working to implement a variety of 
instructional practices throughout their mathematics instruction.  The identified 
challenges in mathematics instruction could be chunked into three broad categories:  
timing of the standardized assessments, meeting the learning needs of all students, and 
receiving professional development that was focused on math content and pedagogy.  
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The teachers do not have control over the timing of the standardized assessments, but a 
possible recommendation for the district to consider would be revising grade level 
curricula vertically to allow the curriculum to begin after the standardized test in one 
grade and conclude in the following grade just before the assessment.  Time would need 
to be provided at the beginning of a new school year to review prior knowledge, but if the 
curriculum is written in a way that the students are constantly applying prior knowledge 
then the students should be able to move to deeper levels of understanding. 
The second barrier identified through the data collection was the wide variety of 
student learning needs in the math classroom.  The teachers have seen the spread of 
student abilities in mathematics increase since the PA Core standards were adopted, and 
they have been less successful with filling the gaps than in the past.  The vertical 
articulation of the curriculum would make sure there are no gaps in the written 
curriculum, and the teachers would need to enhance their classroom-based support 
services for all students.  The classroom-based support could come through the utilization 
of instructional assistants, the use of instructional strategies based on student deficiencies, 
and the use of differentiated instruction.  The teachers will need opportunities for 
professional learning that will provide them with the tools to meet the needs of all 
learners in their math classes. 
Opportunities for professional learning in mathematics have been limited for the 
teachers from the case study school district for many years.  The adoption of the PA Core 
Standards did not change the professional development offerings, but it did start to 
provide some additional supports related to mathematics instruction.  The case study 
district added a math specialist in recognition of the changing landscape in mathematics 
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education at the elementary level, and to support the needs of the teachers and students.  
The district can now focus on providing the elementary teachers with mathematics 
professional development that is personalized, collaborative and focused to their 
individual needs. 
Recommendations for Mathematics Related Professional Learning Opportunities 
 The following recommendations are being provided to the administrators in the 
case study district, and could also support professional learning in other school districts 
that have recently adopted the PA Core Standards or the Common Core State Standards: 
1. Expand the grade level collaboration sessions to provide the teachers with the 
time and resources to focus on four key areas (Kanold & Larson, 2012):  the 
content students need to learn and the pedagogy to support the content, common 
assessments, supports for students who do not learn the math content, and 
supports for students who are ready to move beyond the written curriculum. 
2. Provide mathematics instructional coaching for all elementary teachers.  The 
instructional coaching should provide teachers with a non-threatening relationship 
to take risks and expand their instructional practices in the math classroom.  The 
math coach would need to be someone who is well versed in elementary math 
content and pedagogy related to the PA Core standards. 
3. Develop differentiated professional development options for teachers with 
sessions that would support the learning needs of all teachers.  Sessions should be 
offered that focus on math content and pedagogy to allow teachers to gain a 
deeper understanding of all of the elementary math content and standards.  
Specifically, the teachers would benefit from sessions focused on fractions, 
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geometry and measurement.  The differentiated model would allow the teachers to 
choose the sessions that would meet their needs, fulfill the districts’ vision, and 
support student achievement in their classrooms.   
4. The teachers would also benefit from gaining a deeper understanding of the role 
and benefits of the Standards for Mathematical Practice.  The book, Principles to 
Action (NCTM, 2014), was written to provide recommendations for all teachers 
to enhance their instruction to support the incorporation of the Standards for 
Mathematical Practice.  The Standards for Mathematical Practice present actions 
for students, and the book presents the actions for teachers.  Collaboration groups, 
the instructional math coach, or small groups of teachers could use the book as 
guided or self-directed professional learning. 
Recommendations for Future Research 
     The case study uncovered some recommendations that could be implemented at 
the case study district and other similar school districts.  Additional research could also 
be conducted as school districts strive to improve mathematics education at the 
elementary level.  The following recommendations for future research could be 
considered: 
1. A content knowledge assessment could be conducted similar to the one that 
Thames and Ball (2010) developed to determine the actual strengths and 
weaknesses of the teachers’ content knowledge.  This type of assessment would 
provide specific mathematics concepts that should be presented during 
professional learning sessions to help the teachers better understand student 
misconceptions, and alternative problem solving strategies.   
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2. Conducting classroom observations to gather data regarding the instructional 
practices that are being used in the classroom could expand this research study.  
The case study provided the teachers’ perspectives of the instructional practices 
they use, and their planned instructional practices.  Future professional learning 
opportunities for the teachers could be expanded after gathering observational 
data to determine the practices that are actually being used in the classroom.   
3. The study could be expanded across several school districts to look for patterns 
and trends that may exist across and between different districts.  The results of an 
expanded study would inform professional learning opportunities that could be 
offered at a regional or state level. 
4. A student component could be added to the study to gain their perceptions of 
content and pedagogy strengths and weaknesses.  Additionally, student 
achievement data could be examined to look for strengths and weaknesses of the 
students by PA Core standards and assessment anchors.  The student data 
component would provide additional data to inform professional learning needs of 
the teachers.  
Summary  
 The adoption of the Pennsylvania Core Standards brought changes to the grade 
level content and standardized assessments for schools across the state.  The school 
districts made adjustments to curriculum and local assessments while teaching the new 
content at every grade level.  The teachers did not have much time to change their 
instructional practices, or to receive additional professional learning to support the new 
content standards.  The current attitudes and instructional practices of elementary math 
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teachers will inform future professional learning opportunities that will allow the teachers 
to enhance and develop their mathematics pedagogy. 
 This case study has shown that elementary math teachers have not resisted the 
changes to the standards and curriculum.  They have made adjustments to their 
instructional practices, adopted new resources, and sought ways to provide new learning 
opportunities for students.  At the same time, the teachers are also willing to learn more if 
provided with appropriate, differentiated professional learning opportunities related to 
teaching elementary mathematics.  The challenge is for those who provide professional 
development to teachers, including the school districts that plan it, to offer meaningful 
and content specific professional learning that will ultimately support student growth and 
achievement.   
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Appendix A:  Letter to Superintendent 
 
 
 
 
Dr.  
Superintendent 
Case Study School District 
 
Dear Sir, 
 
 I am currently a doctoral student at Drexel University in the Educational 
Leadership program.  I am studying elementary teachers’ current attitudes, practices and 
professional learning related to mathematics instruction at the elementary school level.  
The research will consider the role of each individual element:  teacher attitude, teacher 
practice, and teacher professional learning, and it will also attempt to make connections 
among the variables.  The goal of this research is to inform future potential professional 
learning opportunities for elementary teachers to support their professional practice. 
 I am seeking your permission to use your school district as the case study school 
district for this study.  With your permission, I will voluntarily seek elementary teachers 
in the school district to participate in a survey to gather data regarding their attitudes, 
practices and professional learning related to mathematics instruction with the 
Pennsylvania Core Standards.  Upon completion of the survey, teachers will be asked to 
participate in focus group interviews and to share anonymous lesson plans for a 
document review.  All teacher participation will remain anonymous, and teachers have 
the right to discontinue their participation at any time.  As previously mentioned, the goal 
of the research is to support professional learning opportunities for the teachers.  I request 
that you please respond in writing granting your approval at your earliest convenience.   
 I thank you in advance for your support and consideration of my request.  The 
results from this study will be held in strictest confidence, and a published summary can 
be obtained by your or any of the participants upon request.  If you have any further 
questions regarding this request, please do not hesitate to contact me.  You may also 
contact the chair of my committee, Dr. Mary Jo Grdina via telephone: (215)895-2594 or 
email: mfg29@drexel.edu for further clarification. 
 
Respectfully, 
 
 
Michele B. Westphal      Mary Jo Grdina, Ph.D. 
Primary Researcher, Drexel University Doctoral Student Supervising 
Prof. 
        Drexel University 
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Appendix B:  Participation Consent Form 
 
 
 
 
Drexel University  
Consent to Take Part In a Research Study 
1. Title of research study: A study of Elementary Teacher Attitudes, Practices and 
Professional Development Relative to Mathematics Standards 
2. Researcher: Dr. Mary Jo Grdina, Investigator; Michele B. Westphal, Research 
Personnel 
3. Why you are being invited to take part in a research study 
We invite you to take part in a research study because you are an elementary school 
teacher of mathematics in the case study school district. 
4. What you should know about a research study 
• Someone will explain this research study to you. 
• Whether or not you take part is up to you. 
• You can choose not to take part. 
• You can agree to take part now and change your mind later. 
• If you decide to not be a part of this research no one will hold it against you. 
• Feel free to ask all the questions you want before you decide. 
5. Who can you talk to about this research study? 
If you have questions, concerns, or complaints, or think the research has hurt you, talk to 
the research team Dr. Mary Jo Grdina, (215) 895-2594 or mfg29@drexel.edu; Michele Westphal, 
(717)951-5651 or michele_westphal@l-spioneers.org 
This research has been reviewed and approved by an Institutional Review Board (IRB). 
An IRB reviews research projects so that steps are taken to protect the rights and welfare 
of humans subjects taking part in the research.  You may talk to them at (215) 762-3944 
or email HRPP@drexel.edu for any of the following: 
• Your questions, concerns, or complaints are not being answered by the research 
team. 
• You cannot reach the research team. 
• You want to talk to someone besides the research team. 
• You have questions about your rights as a research subject. 
• You want to get information or provide input about this research. 
6. Why is this research being done? 
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With the recent adoption of the PA Core Standards, changes were quickly implemented 
in classrooms around the state.  The new standardized assessments were implemented 
shortly after the adoption of the new standards, and this did not provide schools and 
teachers with much time to adjust to the changes.  As a result, teachers did not receive 
much, if any, professional development related to the new standards.  This study is 
attempting to determine the current status of elementary teacher attitudes, practices and 
professional learning related to mathematics.  The current status will help to inform 
recommendations for future professional learning to support the needs of the teachers. 
7. How long will the research last? 
We expect that you will be in this research study over a 1-2 month period to participate in 
the various forms of data collection.    
8. How many people will be studied? 
We expect about 25-30 people will be in this research study out of all of the elementary 
school teachers.   
9. What happens if I say yes, I want to be in this research? 
• All those who agree to participate will receive an email containing two 
SurveyMonkey links. 
o The first link will present a series of survey questions.  The survey 
questions will gather some demographic information, and ask 
questions about your attitudes, practices and professional 
development related to mathematics instruction. 
o The second link will present a digital dropbox for you to upload 
lesson plans for math lessons from the week of April 17, 2017.  
The lesson plans should not have your name on them, but they 
should somewhere indicate the grade level for the lessons. 
• Following the completion of the survey and lesson plan upload, focus 
group interviews will be conducted in grade level teams.  The interviews 
will be conducted in your elementary schools before or after school, 
according to a distributed schedule.  The interviews should last 30-60 
minutes, and they will be audio recorded for transcription at a later time.  
Teachers are not required to respond during the interviews, but they are 
asked to provide any insights that may further the research study and 
potential recommendations. 
• All of the data will be analyzed to provide answers to the research 
questions, and to inform recommendations for future professional 
development opportunities for elementary teachers.  
• At the conclusion of the research study, all participants will receive a 
summary of the results and recommendations. 
10. What are my responsibilities if I take part in this research? 
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If you take part in this research, it is very important that you:  
• Follow the investigator’s or researcher’s instructions. 
• Tell the investigator or researcher right away if you have a complication or injury. 
• Respond honestly to all survey and interview questions. 
• Submit lesson plans in a timely manner as requested. 
• Participate in a grade level focus group interview. 
 
11. What happens if I do not want to be in this research? 
You may decide not to take part in the research and it will not be held against you. 
12. What happens if I say yes, but I change my mind later? 
If you agree to take part in the research now, you can stop at any time it will not be held 
against you. 
13. Is there any way being in this study could be bad for me? 
There are no risks to participating in this study. 
14. Do I have to pay for anything while I am on this study? 
There is no cost to you for participating in this study.  
 
15. Will being in this study help me in any way? 
 
We cannot promise any benefits to you or others from your taking part in this research. 
However, possible benefits include future professional learning opportunities that will 
better meet your needs and the learning needs of your students.  The long term potential 
is for improved student learning outcomes as a result of new instructional practices 
gleaned through professional development opportunities.  
16. What happens to the information we collect? 
Efforts will be made to limit access to your personal information including research study 
records to people who have a need to review this information. We cannot promise 
complete secrecy. Organizations that may inspect and copy your information include the 
IRB and other representatives of this organization.  No names will be collected 
throughout the study, so any data that is collected will be anonymous.  
 
We may publish the results of this research. However, we will keep your name and other 
identifying information, including the school name, confidential. 
 
18. What else do I need to know?  
This research study is being done by Drexel University. 
At the conclusion of this research study, you will receive a summary of the results and 
recommendations.   
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Signature Block for Capable Adult 
Your signature documents your permission to take part in this research. 
DO NOT SIGN THIS FORM AFTER THIS 
DATE 
à  
   
Signature of subject  Date 
  
Printed name of subject 
   
Signature of person obtaining consent  Date 
   
Printed name of person obtaining consent  Form Date 
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Appendix C:  Participant Survey 
  
Teacher Demographics
1. What is your gender?
Female
Male
2. What grade level do you teach? (Select all that apply)
Kindergarten
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
3. At the end of this school year, how many total years will you have been teaching?
1-3
4-7
8-10
11-14
15-19
20-24
25-29
30 or more
  144 
 
 
 
 
 
4. At the end of this school year, how many total years will you have been teaching your current grade
level?
1-3
4-7
8-10
11-14
15-19
20-24
25-29
30 or more
5. At the end of this school year, how many total years will you have been teaching elementary
mathematics?
1-3
4-7
8-10
11-14
15-19
20-24
25-29
30 or more
6. What is the highest level of formal education that you have completed?
Bachelor's Degree
Bachelor's Degree plus some graduate credits
Master's Degree
Master's Degree plus some additional graduate credits
Doctorate
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7. During your college education, what was your primary area of study?  (Select multiple if you had a dual
major)
Early Childhood Education
Elementary Education
Secondary Education
Mathematics
Science
English Language Arts
Special Education
Other (please specify)
8. During your post-graduate education, what was your primary area of study?  (Select multiple if you had a
dual major)
Early Childhood Education
Elementary Education
Secondary Education
Mathematics
Science
Reading
Special Education
Educational Leadership
Instructional Technology
STEM
Other (please specify)
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Attitudes about Teaching
 Very Often Often Sometimes Never or Almost Never
I am content with my
profession as a teacher
I am satisfied with being
a teacher at this school
I find my work full of
meaning and purpose
I am enthusiastic about
my job
My work inspires me
I am proud of the work I
do
I am going to continue
teaching for as long as I
can
9. How often in the past six months have you felt the following way about being a teacher?
 Strongly Agree Agree Disagree Strongly Disagree
I enjoy teaching
mathematics.
I enjoy mathematics.
I have enough time to
prepare to teach math
class.
I have a general
understanding of the
best ways to teach the
math curriculum for my
grade level.
I understand the breadth
and depth of the PA
Core Math Standards.
10. Indicate the extent to which you agree or disagree with each of the following statements.
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 Strongly Agree Agree Disagree Strongly Disagree
I have too much material
to cover in math class.
I was never good at
mathematics.
I have students who lack
prerequisite knowledge
or skills.
I feel uneasy when I
think about teaching
mathematics.
I often remind my
students that a lot of
math may not be fun or
interesting, but it is
important to learn it
anyway.
I have difficulty keeping
up with all of the
curriculum changes.
11. Indicate the extent to which you agree or disagree with each of the following statements.
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 Very High High Medium Low
Inspiring students to
learn mathematics
Showing students a
variety of problem
solving strategies
Providing challenging
tasks for the highest
achieving students
Adapting my teaching to
engage students'
interest
Helping students
appreciate the value of
learning mathematics
Assessing student
comprehension of
mathematics
Improving the
understanding of
struggling students
Making mathematics
relevant to students
Developing students'
higher-order thinking
skills
12. In teaching mathematics based on the PA Core Standards, how would you characterize your
confidence in doing the following?
 Very well prepared Somewhat prepared Not well prepared
Concepts of whole
numbers, including place
value, magnitude and
ordering
Adding and/or
subtracting with whole
numbers
Multiplying and/or
dividing with whole
numbers
Concepts of multiples
and factors; odd and
even numbers
13. Based on your understanding of the PA Core Standards, how well prepared do you feel you are to
teach the following mathematics topics?
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Concepts of fractions
(parts of a whole or a
collection, or location on
a number line)
Adding and subtracting
with fractions
Multiplying and dividing
with fractions
Comparing and ordering
fractions
Concepts of decimals
(place value and
ordering)
Adding and subtracting
with decimals
Number sentences
(finding the missing
number, modeling simple
situations with number
sentences)
Number patterns
(extending patterns and
finding missing terms)
Lines (measuring and
estimating length of)
Parallel and
perpendicular lines
Comparing and drawing
angles
Using informal
coordinate systems to
locate points in a plane
Properties of geometric
shapes
Reflections and rotations
Relationships between
two-dimensional and
three-dimensional
shapes
Finding and estimating
area, perimeter and
volume
 Very well prepared Somewhat prepared Not well prepared
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Reading and
representing data from
tables, pictographs, bar
graphs, or pie charts
Drawing conclusions
from data displays
 Very well prepared Somewhat prepared Not well prepared
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Instructional Practices in Mathematics
 
Every or almost every
lesson About half the lessons Some lessons Never
Relate the lesson to
students' daily lives
Ask students to explain
their answers
Bring interesting
materials to class
Ask students to
complete challenging
exercises that require
them to go beyond the
instruction
Encourage classroom
discussions among
students
Focus on the process of
solving the problem
Link new content to
students' prior
knowledge
Ask students to decide
their own problem
solving procedures
Encourage students to
express their ideas in
class
Assign math problems
that can be solved in
different ways
Integrate a variety of
assessment strategies
into the tasks and
activities
Use inquiry and
questioning to get
students to arrive at a
strategy instead of
giving it to them
Focus on getting the
correct answer
14. How often do you do the following while teaching math?
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Every or almost every
lesson About half the lessons Some lessons Never
Listen to me explain new
mathematics content
Listen to me explain how
to solve problems
Memorize rules,
procedures, and facts
Work problems
(individually or with
peers) with my guidance
Work problems together
in the whole class with
direct guidance from me
Work problems
(individually or with
peers) while I am
occupied by other tasks
Take a written test or
quiz
Use manipulatives to
communicate their
mathematical ideas
Communicate their math
ideas and/or problem
solving strategies
Use technology to learn
or reinforce
mathematical concepts
Master basic math facts
and operations
15. In teaching mathematics to your class, how often do you ask students to do the following?
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Every or almost every
lesson About half the lessons Some lessons Never
Make sense of problems
and persevere in solving
them.
Construct viable
arguments and critique
the reasoning of others.
Use appropriate tools
strategically.
Look for and make use
of structure.
Reason abstractly and
quantitatively.
Model with mathematics.
Attend to precision.
Look for and express
regularity in repeated
reasoning.
16. In teaching mathematics to your class, how often do you have students in engage in the Standards of
Mathematical Practice?
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Professional Learning
17. In the past two years, estimate how many hours in total that you have spent in formal in-
service/professional development (e.g., workshops, seminars) for mathematics?
None
Less than 6 hours
6-15 hours
16-35 hours
More than 35 hours
18. Select the phrases that describe all of the types of professional learning that you have participated in
over the past 2 years.
School district/building required sessions (all teachers attended)
School district/building optional sessions (not all teachers attended)
Optional workshops and sessions provided by an outside institution or agency
Graduate level courses
Peer mentoring
Instructional coaching
Professional Learning Communities
Other (please specify)
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19. Please rank your selections from question 18 based on the one that you experienced for the most
amount of time receiving the highest ranking to the one you experienced the least amount of time receiving
the lowest ranking.
School district/building required sessions (all teachers attend)  N/A
School district/building optional sessions (not all teachers attend)  N/A
Optional workshops and sessions provided by an outside institution or agency  N/A
Graduate level courses  N/A
Peer mentoring  N/A
Instructional coaching  N/A
Professional Learning Communities  N/A
Other  N/A
 Yes No
Mathematics Content
Mathematics
Pedagogy/Instruction
Mathematics Curriculum
Mathematics Resources
(textbooks, calculators,
etc.)
Integrating information
technology into
mathematics (including
online programs)
Improving students'
critical thinking or
problem solving skills
Mathematics
Assessment
Addressing individual
students' math needs
20. In the past 2 years, have you participated in professional development in any of the following?
  156 
 
 
Appendix D:  Focus Group Interview Questions 
 
 
 
 
Question stems for focus group interviews: 
1. Describe your favorite part of teaching mathematics.  Why is that your favorite part? 
2. How often does the school district provide you with professional learning opportunities in 
mathematics? 
3. How often are you made aware of professional learning opportunities in mathematics that 
are being offered by outside providers?   
4. What challenges do you face that may prevent you from learning about the best practices 
in mathematics instruction? 
5. Over the past five years, how many days or hours has the district devoted to literacy 
professional development vs. mathematics professional development? 
6. How could your professional learning needs related to mathematics instruction best be 
met?  
7. What is the biggest challenge you face when teaching mathematics?  Why? 
8. Do you collaborate with your colleagues when preparing to teach mathematics?  If so, 
please explain the types of collaboration.  If not, why not? 
9. What resources do you use to support your mathematics instruction? 
10. If you had a magic wand that could make one change to mathematics instruction in your 
classroom, what would you wish for and why? 
11. When you consider your revised curriculum that is aligned to the PA Core Standards, 
which content area are you most comfortable teaching and which are you least 
comfortable teaching (numbers and operations, algebraic concepts, geometry or 
measurement and data)?  Why? 
12. Describe your knowledge and understanding of the Standards for Mathematical Practice.  
How do these influence your instructional practices? 
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Appendix E:  Lesson Plan Analysis Rubric 
 
 
 Beginning 
0 
Developing 
1 
Accomplished 
2 
Exemplary 
3 
Score 
Focus and 
Coherence 
Prior and Future 
knowledge is not 
referenced, AND 
Student Objectives 
are missing. 
Prior and Future 
knowledge is not 
referenced, BUT 
Student Objectives 
are listed. 
Prior or Future 
knowledge is 
referenced, AND 
Student Objectives 
are listed. 
Prior and Future knowledge 
is referenced, AND Student 
Objectives are listed. 
 
Standards Standards-based 
instruction is not 
referenced in the 
plan. 
Identified standards 
are not consistent 
with the lesson’s 
instructional 
objectives. 
Standards and 
supporting 
benchmarks are 
referenced in the plan. 
Standards for multiple 
instructional goals are 
referenced and incorporated 
into the lesson. 
 
Materials and 
Structure 
Materials and 
structure for the 
lesson are missing 
or inappropriate for 
the lesson. 
Materials and 
structure are present 
with little 
indications as to 
what is to be 
accomplished within 
given time frames. 
Materials and 
structure are present 
with supporting 
explanation of what is 
to be accomplished 
within given time 
frames. 
A complete materials list is 
included with a structure 
that supports given time 
frames and recognizes the 
age appropriate development 
of the students. 
 
Preconceptions/ 
Misconceptions 
The preconceptions 
and/or 
misconceptions of 
the students are not 
listed nor described 
in the lesson plan. 
The preconceptions 
and/or 
misconceptions of 
the students are 
listed, but not 
described in the 
lesson plan. 
The preconceptions 
and/or 
misconceptions of the 
students are listed and 
described in the 
lesson plan, BUT they 
are not aligned to the 
lesson content. 
The preconceptions and/or 
misconceptions of the 
students are listed, described 
and aligned to the lesson 
content. 
 
Student 
Engagement 
Opening activities 
do not address 
students’ prior 
knowledge or 
compel student 
interest in the 
lesson. 
Opening activities 
build on students’ 
prior knowledge and 
interests but the 
activities are 
unstructured. 
Opening activities 
engaged students in 
reflective thinking 
about their prior 
knowledge. 
Opening activities are highly 
interactive, getting the 
students to build on their 
prior experiences and 
knowledge. 
 
Content Content 
presentation is 
teacher-centered 
and limited to 
factual recall rather 
than in-depth 
processing of 
information. 
Content presentation 
is somewhat 
confusing because 
there is not a clear 
progression from 
simple to complex 
levels of 
understanding. 
Content presentation 
is organized and 
progresses from 
simple to complex 
levels of 
understanding. 
Content presentation is very 
creative and organized in 
such a way that it challenges 
the students to probe the 
content more deeply. 
 
Methods Teaching methods 
are primarily 
teacher directed.  
Student 
differentiation is not 
included. 
Teaching methods 
are primarily teacher 
directed with some 
interactive 
components. 
Teaching methods 
present consistent 
interactivity between 
teacher and students. 
Teaching methods are 
differentiated and interactive 
between students, and with 
students and the teacher.  
Teacher as facilitator is 
evident in the plan. 
 
Standards for 
Mathematical 
Practice 
Lesson includes a 
reference of what 
students will 
do/say/produce 
during the lesson. 
The Standards for 
Mathematical 
Practice are listed in 
the lesson plan. 
The Standards for 
Mathematical Practice 
are referenced with 
descriptions of 
student activities 
intended to elicit the 
given standards. 
The Standards for 
Mathematical Practice are 
referenced with descriptions 
of student activities 
including possible student 
actions that would 
exemplify the standards 
within that lesson. 
 
Assessment Assessment 
strategies are 
limited to a single 
type or format. 
Assessment 
strategies use 
multiple formats, 
and are related to 
the content. 
Assessment strategies 
use multiple types and 
formats to show 
strong connections to 
the content. 
Assessment strategies are 
varied, authentic, and 
require students to 
demonstrate critical thinking 
skills relative to the content. 
 
   
 
 
 
